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PLASMA DOPING PROCESSING DEVICE
AND METHOD THEREOFK

RELATED APPLICATIONS

This application 1s the U.S. National Phase under 35 U.S.C.
§371 of International Application No. PCT/JP2008/002341,
filed on Aug. 28, 2008, which in turn claims the benefit of
Japanese Application No. 2007-2253500, filed on Aug. 31,
2007, the disclosures of which Applications are incorporated
by reference herein.

TECHNICAL FIELD

The present invention relates to a semiconductor manufac-
turing apparatus and a manufacturing method thereot, and in
particular to a plasma doping processing device and method
that introduce an 1impurity onto a surface of a substrate that
serves as a solid sample such as a semiconductor substrate.

BACKGROUND ART

A plasma doping method by which an impurnity 1s 1onized
and 1ntroduced into a solid matter at low energy has been
known as a technique for introducing the impurity onto the
surface of a substrate that serves as a solid sample (for
example, refer to Patent Document 1).

FIG. 14 shows a structure of a plasma processing device
(for example, refer to Patent Documents 2 and 3). In FI1G. 14,
alower electrode 103 on which a sample 106 made of a silicon
substrate 1s placed 1s arranged 1n a vacuum container 111.

A doping maternial gas containing a desired impurity ele-
ment 1s supplied into the vacuum container 111 by using a
doping material gas supply device 110a and a doping material
gas supply device 110c¢ installed 1n a gas supply device 110,
while a diluting gas 1s supplied from a diluting gas supply
device 1105 and a diluting gas supply device 110d, so that a
doping gas in which the doping material gas and the diluting
gas are mixed with each other 1s allowed to pass through a first
gas supply pipe 142 and a second gas supply pipe 143 respec-
tively, and supplied into the vacuum container 111 through a
gas supply inlet 109. A pressure-adjusting valve 102 used for
keeping the pressure of the vacuum container 111 constant 1s
installed, and the supplied doping gas i1s allowed to pass
through the vacuum container 111 and discharged from an
exhaust pump 101. A quartz top plate serving as a dielectric
window 107 1s arranged on the upper face of the vacuum
container 111, and a coil 108 used for exciting plasma 1s
arranged thereon. A high-frequency power supply 1035 1s con-
nected to the coil 108 so that a high-frequency power 1s
supplied to the coil 108. An electric field, generated by the
high-frequency power supplied to the coil 108, 1s supplied to
the mside of the vacuum container 111 through the dielectric
window 107. A doping material gas, supplied into the vacuum
container 111, recerves energy by this electric field to form a
plasma state of 1ons or radicals that give intluences to the
plasma doping process. Moreover, a high-frequency power
supply 104 1s connected to the lower electrode 103 so that a
desired voltage can be generated on the lower electrode 103,
and the voltage generated on the lower electrode 103 has a
negative electric potential relative to the plasma. Further-
more, by applying a voltage by a DC power supply 119 to an
clectrostatic adsorption electrode 118 placed inside the lower
clectrode 103 (see FIG. 15 or FIG. 16), the sample 106 is
clectrostatically adsorbed onto the lower electrode 103, and a
helium gas, serving a substrate-cooling gas, 1s supplied
between the sample 106 and the lower electrode 103.
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2

As the system for supplying a helium gas between the
sample 106 and the lower electrode 103, a closed loop con-
trolling system shown 1n FI1G. 15 and an open loop controlling
system shown in FIG. 16 have been known.

In the closed loop controlling system in FIG. 15, the helium
gas, supplied through a helium gas supply inlet 120, is
allowed to enter a substrate-cooling helium gas pressure-
adjusting and flow-rate controlling unit 114 through a valve
113, and supplied between the sample 106 and the lower
clectrode 103 through a valve 115, while being pressure-
adjusted and tlow-rate-controlled by the substrate-cooling
helium gas pressure-adjusting and tlow-rate controlling unit
114. At this time, a valve 116 1s kept 1n a closed state. In
contrast, when the supplied helium gas 1s discharged by the
exhaust pump 117, the valve 116 1s kept 1n an open state.

Here, 1n the open loop controlling system in FIG. 16, the
helium gas 1s supplied through a helium supply mnlet 120, and
allowed to enter a substrate-cooling helium gas flow-rate
controlling unit 123 through a valve 128, and the helium gas
that has been flow-rate controlled in the substrate-cooling
helium gas flow-rate controlling unit 123 1s allowed to pass
through valves 127 and 126, and supplied between the sample
106 and the lower electrode 103. At this time, a valve 121 1s
kept 1n a closed state. The supplied helium gas 1s allowed to
enter a substrate-cooling helium gas pressure-adjusting and
flow-rate controlling unit 124 so that the helium gas, pres-
sure-adjusted and simultaneously tlow-rate controlled by the
substrate-cooling helium gas pressure-adjusting and flow-
rate controlling unit 124, 1s allowed to pass through valves
125 and 122, and discharged by an exhausting pump 117.
Upon discharging the supplied helium gas, the valve 121 1s
kept 1n an open state.

In the plasma processing device having the structure as
described above, a plasma doping material gas, supplied into
the vacuum container 111 through the gas supply inlet 109,
for example, B,H, 1s formed 1nto a plasma state by an electric
field generated by a co1l 108 to which a high-frequency power
1s applied, so that boron 1ons 1n the plasma are introduced
onto the surface of the sample 106 by a voltage having a
negative potential relative to the plasma generated on the
lower electrode 103 by the high-frequency power supply 104.

After a metal wiring layer 1s formed on the sample 106 to
which the impurity 1s thus introduced, a thin oxide film 1s
formed on the metal wiring layer 1in a predetermined oxide
film atmosphere, and a gate electrode 1s then formed on the
sample 106 by using a CVD device or the like, so that, for
example, an MOS transistor can be obtained.

In a conventional plasma processing device, under control
of a control device 140, the closed loop control system 1n FIG.
15 measures the tlow rate of the helium gas by using the
substrate-cooling helium gas pressure-adjusting and flow-
rate controlling unit 114, while the open loop control system
in FIG. 16 measures the low rate of the helium gas by using
the substrate-cooling helium gas flow-rate controlling unit
123 and the substrate-cooling helium gas pressure-adjusting,
and flow-rate controlling unit 124 so that based upon a thresh-
old value, a determination 1s made as to whether or not there
1s any leakage of the helium gas into the vacuum container
111. When the determination indicates that the helium gas 1s
leaking 1nto the vacuum container 111, the plasma processing
1s suspended. Next, under control of the control device 140,
the sample 106 on which the plasma processing has been
suspended 1s taken out from the vacuum container 111 by
using a known method or the like, not shown, and the suc-
ceeding processes on the sample 106 are terminated.

In the plasma doping processing device also, based upon a
threshold value, a determination 1s made as to whether or not
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there 1s any leakage of the helium gas into the vacuum con-
tainer 111, and when the determination indicates that the
helium gas 1s leaking into the vacuum container 111, the
plasma doping processing 1s suspended. Next, under control
of the control device 140, the sample 106 on which the plasma
processing has been suspended 1s taken out from the vacuum
container 111 by using a known method or the like, not

shown, and the succeeding processes on the sample 106 are
terminated.

Patent Document 1: U.S. Pat. No. 4,912,065
Patent Document 2: JP-A No. 2005-72521
Patent Document 3: JP-A No. 2004-47696

DISCLOSURE OF INVENTION

Subject to be Solved by the Invention

The present inventors have found that the helium gas to be
supplied between the sample 106 and the lower electrode 103
might leak 1nto the vacuum container 111 once every several
thousand times. In the case where the flow rate of the helium
gas leaked into the vacuum container 111 1s large, the amount
of introduction of an impurity varies beyond a permissible
value of a desired amount of introduction of the impurity into
the sample 106. Since the sample 106 having the amount of
introduction exceeding the permissible value fails to further
proceed to the succeeding processes to cause a defective
product, resulting in an issue of a reduction in the yield.

Here, even when only the determination criteria of the
amount of leakage of the helium gas into the vacuum con-
tainer 111 1s made severer under control of the control device
140, the plasma processing or the plasma doping processing
1s suspended as described above, failing to introduce a desired
amount of an impurity into the sample 106 and further carry
out the succeeding processes to cause a defective product,
resulting in an 1ssue of a reduction 1n the yield.

An object of the present invention 1s to provide a plasma
doping processing device and method, which can improve the
reproducibility of the amount of introduction of an impurity
with high precision and increase the vield 1n a plasma doping
process.

Means for Solving the Subject

In order to achieve the above object, the present invention
has the following construction.

According to a first aspect of the present invention, there 1s
provided a plasma doping processing device comprising:

a vacuum container having a top plate on an upper portion
thereof;

a lower electrode that 1s arranged 1n the vacuum container,
with a substrate serving as a sample being mounted thereon;

a high frequency power supply for applying a high fre-
quency power to the lower electrode;

a gas exhausting device for exhausting inside of the
vacuum container;

a plasma doping gas supply device for supplying a plasma
doping gas that contains a doping material gas containing an
impurity and a diluting gas into the vacuum container;

an electrode for electrostatic adsorption placed on the
lower electrode:;

a DC power supply for applying a voltage to the electrode
for electrostatic adsorption;

a flow-rate measuring device for measuring a flow rate ol a
substrate-cooling gas that 1s same as the diluting gas and 1s
supplied between the substrate and the lower electrode so as
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4

to measure an amount of leakage of the substrate-cooling gas
into the vacuum container; and

a control device for controlling the plasma doping gas
supply device so as to reduce an amount of supply of the
diluting gas in accordance with the amount of leakage mea-
sured by the flow-rate measuring device,

wherein the plasma doping processing device carries out a
plasma doping process on the substrate.

According to a second aspect of the present invention, there
1s provided a plasma doping processing device comprising:

a vacuum container having a top plate on an upper portion
thereof:;

a lower electrode that 1s arranged 1n the vacuum container,
with a substrate serving as a sample being mounted thereon;

a high frequency power supply for applying a high fre-
quency power to the lower electrode;

a gas exhausting device for exhausting inside of the
vacuum container;

a plasma doping gas supply device for supplying a plasma
doping gas that contains a doping material gas containing an
impurity and a diluting gas into the vacuum container;

an electrode for electrostatic adsorption placed on the
lower electrode;

a DC power supply for applying a voltage to the electrode
for electrostatic adsorption;

a flow-rate measuring device for measuring a flow rate of a
substrate-cooling gas that 1s same as the diluting gas and 1s
supplied between the substrate and the lower electrode so as
to measure an amount of leakage of the substrate-cooling gas
into the vacuum container; and

a control device for controlling the high frequency power
supply, the gas exhausting device, the plasma doping gas
supply device, and the DC power supply so as to prolong a
plasma doping processing time 1 accordance with the
amount of leakage measured by the flow-rate measuring
device,

wherein the plasma doping processing device carries out a
plasma doping process on the substrate.

According to a third aspect of the present invention, there 1s
provided the plasma doping processing device according to
the first aspect, wherein the control device controls the
plasma doping gas supply device so as to reduce the amount
of supply of the diluting gas that 1s equivalent to the amount
ol leakage measured by the flow-rate measuring device so
that the plasma doping gas supply device 1s controlled so as to
reduce the amount of supply of the diluting gas 1n accordance
with the amount of leakage measured by the flow-rate mea-
suring device.

According to a fourth aspect of the present invention, there
1s provided the plasma doping processing device according to
the third aspect, wherein the control device controls the
plasma doping gas supply device within a tflow rate ranging
from 110% to 90% of the amount of leakage measured by the
flow-rate measuring device so that the plasma doping gas
supply device 1s controlled so as to reduce the amount of
supply of the diluting gas 1n accordance with the amount of
leakage measured by the flow-rate measuring device.

According to a fifth aspect of the present invention, there 1s
provided The plasma doping processing device according to
the second aspect, comprising:

a storage unit for storing relationship information between
a plasma doping time and an amount of itroduction of the
impurity onto the substrate,

wherein the control device determines a period of the
plasma doping processing time based upon the relationship
information between the plasma doping time and the amount
of introduction of the impurity onto the substrate stored 1n the
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storage unit, and also controls the high frequency power
supply, the gas exhausting device, the plasma doping gas
supply device, and the DC power supply so as to prolong the
plasma doping processing time up to the time thus deter-
mined.

According to a sixth aspect of the present invention, there
1s provided the plasma doping processing device according to
any one of the first to fifth aspects, wherein in a case where the
amount of leakage measured by the flow-rate measuring
device 1s not more than an error determining threshold value,
the control device carries out a plasma doping process with-
out carrying out the control by the control device, while 1n a
case where the amount of leakage measured by the flow-rate
measuring device 1s more than the error determining thresh-
old value, the control device carries out a plasma doping
process, with the control being carried out by the control
device.

According to a seventh aspect of the present mvention,
there 1s provided the plasma doping processing device
according to any one of the first to sixth aspects, wherein 1n a
case where the amount of leakage measured by the flow-rate
measuring device 1s not more than a processing permissible
threshold value, the control device carries out a plasma dop-
ing process with the control being carried out by the control
device, while 1in a case where the amount of leakage measured
by the flow-rate measuring device 1s more than the processing,
permissible threshold value, the control device stops aplasma
doping process.

According to an eighth aspect of the present mvention,
there 1s provided the plasma doping processing device
according to any one of the first to seventh aspects, wherein
the substrate-cooling gas 1s a helium gas.

According to a ninth aspect of the present invention, there
1s provided the plasma doping processing device according to
any one ol the first to eighth aspects, wherein the plasma
doping gas supply device 1s a device for supplying a gas
contaiming B,H as the doping material gas.

According to a 10th aspect of the present invention, there 1s
provided the plasma doping processing device according to
any one of the first to eighth aspects, wherein the plasma
doping gas supply device 1s a device for supplying a gas that
contains boron and 1s diluted by rare gas or hydrogen, as the
plasma doping gas.

According to an 11th aspect of the present invention, there
1s provided the plasma doping processing device according to
any one ol the first to eighth aspects, wherein the plasma
doping gas supply device 1s a device for supplying a gas that
contains boron and 1s diluted by helium or hydrogen, as the
plasma doping gas.

According to a 12th aspect of the present invention, there 1s
provided the plasma doping processing device according to
any one of the first to eighth aspects, wherein the plasma
doping gas supply device 1s a device for supplying a gas that
contains the impurity and 1s diluted by rare gas or hydrogen,
as the plasma doping gas, with the doping material gas con-
taining the impurity having a concentration of 5.0 mass % or
less.

According to a 13th aspect of the present invention, there 1s
provided a plasma doping processing method comprising:

placing a substrate serving as a sample on a lower electrode
that1s arranged 1n a vacuum container having a top plate on an
upper portion thereof;

applying a voltage from a DC power supply to an electrode
for electrostatic adsorption arranged on the lower electrode;

applying a high frequency power from a high frequency
power supply to the lower electrode, with the vacuum con-
tainer being exhausted by a gas exhausting device, while
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supplying a plasma doping gas that contains a doping mate-
rial gas containing an mmpurity and a diluting gas into the
vacuum container from a plasma doping gas supply device;

supplying a substrate-cooling gas that 1s same as the dilut-
ing gas between the substrate and the lower electrode;

measuring a flow rate of the substrate-cooling gas so as to
measure an amount of leakage of the substrate-cooling gas
into the vacuum container by using a flow-rate measuring
device:

controlling the plasma doping gas supply device by using a
control device so as to reduce the amount of supply of the
diluting gas in accordance with the amount of leakage mea-
sured by the flow-rate measuring device; and

thereafter, carrying out a plasma doping process on the
substrate.

According to a 14th aspect of the present invention, there 1s
provided a plasma doping processing method comprising:

placing a substrate serving as a sample on a lower electrode
that1s arranged 1n a vacuum container having a top plate on an
upper portion thereof;

applying a voltage from a DC power supply to an electrode
for electrostatic adsorption arranged on the lower electrode;

applying a high frequency power from a high frequency
power supply to the lower electrode, with the vacuum con-
tamner being exhausted by a gas exhausting device, while
supplying a plasma doping gas that contains a doping mate-
rial gas containing an mmpurity and a diluting gas into the
vacuum container from a plasma doping gas supply device;

supplying a substrate-cooling gas that 1s same as the dilut-
ing gas between the substrate and the lower electrode;

measuring a flow rate of the substrate-cooling gas so as to
measure an amount of leakage of the substrate-cooling gas
into the vacuum container by using a flow-rate measuring
device;

controlling the high-frequency power supply, the gas
exhausting device, the plasma doping gas supply device, and
the DC power supply by using a control device so as to
prolong a plasma doping processing time 1n accordance with
the amount of leakage measured by the flow-rate measuring
device; and

thereafter, carrying out a plasma doping process on the
substrate.

According to a 15th aspect of the present invention, there 1s
provided the plasma doping processing method according to
the 13th aspect, wherein upon controlling the plasma doping
gas supply device by using the control device, the control
device controls the plasma doping gas supply device so that,
based upon relationship information between a tlow rate of
the diluting gas to be supplied into the vacuum container or a
mass concentration of the impurity gas and a sheet resistance
value of a dummy substrate that has a same size and 1s made
ol a same material as those of the substrate, a supply amount
of the diluting gas 1s reduced 1n accordance with the amount
of leakage measured by the flow-rate measuring device.

According to a 16th aspect o the present invention, there 1s
provided the plasma doping processing method according to
the 13th aspect, comprising:

prior to controlling the plasma doping gas supply device by
the control device, carrying out the impurity plasma doping
process on a dummy substrate that has a same size and 1s
made of a same material as those of the substrate in place of
the substrate so that the impurity 1s introduced onto the
dummy substrate;

next electrically activating the impurity of the dummy sub-
strate by using an annealing process;

next measuring a sheet resistance value of the dummy
substrate, and storing results of measurements 1n a storage
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unit, and further altering the flow rate of the diluting gas,
without altering the flow rate of the impurity gas to be sup-
plied into the vacuum container, so that the impurity is intro-
duced onto the other dummy substrate that has the same size
and 1s made of the same material as those of the substrate:

next electrically activating the mmpurity of the other
dummy substrate by using an annealing process;

next measuring a sheet resistance value of the other dummy
substrate, and storing results of measurements in the storage
unit, and storing relationship information between a tlow rate
of the diluting gas to be supplied into the vacuum container or
a mass concentration of the impurity gas and a sheet resis-
tance value in the storage unit; and

thereatter, upon controlling the plasma doping gas supply
device by using the control device, controlling the plasma
doping gas supply device by the control device so that, based
upon the relationship information between the flow rate of the
diluting gas to be supplied into the vacuum container or the
mass concentration of the impurity gas and the sheet resis-
tance value of the dummy substrate that has the same size and
1s made of the same material as those of the substrate, a supply
amount of the diluting gas 1s reduced 1n accordance with the
amount of leakage measured by the flow-rate measuring
device.

According to a 17th aspect of the present invention, there 1s
provided The plasma doping processing method according to
the 14th aspect, comprising:

prior to controlling the plasma doping gas supply device by
the control device, carrying out the impurity plasma doping
process on a dummy substrate that has a same size and 1s
made of a same material as those of the substrate 1n place of
the substrate so that the impurity 1s introduced onto the
dummy substrate;

next electrically activating the impurity of the dummy sub-
strate by using an annealing process;

next measuring a sheet resistance value of the dummy
substrate, and storing results of measurements 1n a storage
unit, and further altering the plasma doping time, so that the
impurity 1s introduced onto the other dummy substrate that
has the same si1ze and 1s made of the same material as those of
the substrate;

next electrically activating the impurity of the other
dummy substrate by using an annealing process;

next measuring a sheet resistance value of the other dummy
substrate, and storing results of measurements in the storage
unit, and storing relationship information between a plasma
doping time and a sheet resistance value 1n the storage unit;
and

thereaiter, upon controlling the plasma doping gas supply
device by using the control device, controlling the high-fre-
quency power supply, the gas exhausting device, the plasma
doping gas supply device, and the DC power supply by the
control device so as to prolong the plasma doping processing
time 1n accordance with the amount of leakage measured by
the flow-rate measuring device.

According to an 18th aspect of the present invention, there
1s provided the plasma doping processing method according
to the 14th aspect, wherein, upon controlling the high-fre-
quency power supply, the gas exhausting device, the plasma
doping gas supply device, and the DC power supply by using
the control device, in a case where the control device has
determined that there 1s no leakage of the substrate-cooling
gas 1mto the vacuum container based upon the amount of
leakage measured by the flow-rate measuring device, the
plasma doping process 1s carried out without carrying out the
controlling processes by the control device, while 1n a case
where the control device has determined that there 1s any
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leakage of the substrate-cooling gas into the vacuum con-
tainer based upon the amount of leakage measured by the
flow-rate measuring device, the control device controls the
high-frequency power supply, the gas exhausting device, the
plasma doping gas supply device, and the DC power supply
so as to prolong the plasma doping time to correspond to the
plasma doping time found as results of comparisons between
the relationship information stored 1n the storage unit and the
amount of leakage measured by the flow-rate measuring
device, under control of the control device.

According to a 19th aspect of the present invention, there 1s
provided The plasma doping processing method according to
the 13th aspect, wherein, upon controlling the plasma doping
gas supply device by using the control device, 1n a case where
the control device has determined that there 1s no leakage of
the substrate-cooling gas into the vacuum container based
upon the amount of leakage measured by the flow-rate mea-
suring device, the plasma doping process 1s carried out with-
out carrying out the controlling processes by the control
device, while 1n a case where the control device has deter-
mined that there 1s any leakage of the substrate-cooling gas
into the vacuum container based upon the amount of leakage
measured by the flow-rate measuring device, the control
device controls the plasma doping gas supply device so that
under control of the control device, the flow rate of the sub-
strate-cooling gas 1s reduced from the flow rate of the diluting,
gas, with the reduced amount being supplied into the vacuum
container.

According to a 20th aspect of the present invention, there 1s
provided the plasma doping processing method according to
any one of the 13th to 19th aspects, wherein the substrate-
cooling gas 1s a helium gas.

According to a 21st aspect of the present invention, there 1s
provided the plasma doping processing method according to
any one of the 13th to 20th aspects, wherein upon supplying
the plasma doping gas from the plasma doping gas supply
device, a gas that contains the impurity and 1s diluted by rare
gas or hydrogen 1s supplied as the plasma doping gas, with the
doping material gas containing the impurity having a concen-
tration of 5.0 mass % or less.

According to a 22nd aspect of the present invention, there
1s provided the plasma doping processing method according
to any one of the 13th to 20th aspects, wherein upon supplying
the plasma doping gas from the plasma doping gas supply
device, a gas that contains boron and 1s diluted by rare gas or
hydrogen 1s supplied as the plasma doping gas.

According to a 23rd aspect of the present invention, there 1s
provided the plasma doping processing method according to
any one of the 13th to 20th aspects, wherein upon supplying
the plasma doping gas from the plasma doping gas supply
device, a gas that contains B,H 1s supplied as the doping
material gas.

According to a 24th aspect of the present invention, there 1s
provided the plasma doping processing method according to
any one ol the 13th to 20th aspects, wherein the substrate-
cooling gas 1s a helium gas.

According to a 25th aspect of the present invention, there 1s
provided the plasma doping processing method according to
any one of the 13th to 16th aspects, wherein upon supplying
the plasma doping gas from the plasma doping gas supply
device into the vacuum container, the plasma doping gas that
contains boron and 1s diluted by rare gas or hydrogen has a
total flow rate that is set to 500xX cm”/min or less, supposing,
that an error determination threshold value of an amount of
leakage 1nto the vacuum container of the substrate-cooling
gas to be supplied between the substrate and the lower elec-
trode is set to X cm”/min.
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According to a 26th aspect of the present invention, there 1s
provided the plasma doping processing method according to
any one of the 13th to 25th aspects, wherein upon supplying
the plasma doping gas from the plasma doping gas supply
device, the diluting gas for the plasma doping gas 1s a helium
gas.

According to a 27th aspect of the present invention, there 1s
provided the plasma doping processing method according to
the 22nd aspect, wherein upon supplying the plasma doping,
gas from the plasma doping gas supply device, phosphorus 1s
used 1n place of boron 1n the plasma doping gas.

According to a 28th aspect of the present invention, there 1s
provided the plasma doping processing method according to
the 22nd aspect, wherein upon supplying the plasma doping,
gas from the plasma doping gas supply device, arsenic 1s used
in place of boron 1n the plasma doping gas.

EFFECTS OF THE INVENTION

Even 1n the case where, upon introducing an impurity onto
a substrate that 1s a sample 1n a plasma doping process, a
substrate-cooling gas leaks into the vacuum container, the
present mvention makes 1t possible to correct variations in
sheet resistance due to the leakage of the substrate-cooling
gas 1nto the vacuum container.

Theretfore, 1t becomes possible to provide high-precision
reproducibility of the amount of introduction of the impurity
by the plasma doping, and consequently to improve the yield.

BRIEF DESCRIPTION OF DRAWINGS

These and other aspects and features of the present mven-
tion will become clear from the following description taken in
conjunction with the preferred embodiments thereof with
reference to the accompanying drawings, 1n which:

FIG. 1A 1s a schematic view that shows a structure of a
plasma doping processing device in accordance with one
embodiment of the present invention;

FIG. 1B 1s a block view that shows a structure of a control
device and the like of the plasma doping processing device 1n
accordance with the embodiment of the present invention;

FIG. 2 1s a view that shows a lower electrode and a helium
pipe having a closed loop structure, used for supplying
helium gas between a sample and the lower electrode 1n the
plasma doping processing device of FIG. 1A;

FI1G. 3 1s a view that shows a lower electrode and a helium
pipe having an open loop structure, used for supplying hellum
gas between a sample and the lower electrode 1n the plasma
doping processing device of FIG. 1A;

FI1G. 4 1s a flow chart that shows a helium leakage deter-
mimng process and a plasma doping parameter correcting,
process of the plasma doping processing device in accordance
with the embodiment of the present invention;

FIG. 5 1s a flow chart that shows processes for acquiring,
relationship information between different flow rates of dilut-
ing helium gas and sheet resistances 1n the plasma doping
processing device 1n accordance with the embodiment of the
present invention;

FIG. 6 1s a graph that shows processes for acquiring rela-
tionship information between an increased amount of a
helium gas and a sheet resistance relative to a desired tlow rate
of diluting helium gas 1n the plasma doping processing device
in accordance with the embodiment of the present invention;

FI1G. 7 1s a flow chart that shows processes for acquiring,
relationship information between a plasma doping time and a
sheet resistance in the plasma doping processing device 1n
accordance with the embodiment of the present invention;
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FIG. 8 1s a graph that shows the relationship information
between a desired plasma doping time and a sheet resistance
in the plasma doping processing device 1n accordance with
the embodiment of the present invention;

FIG. 9 1s a graph that shows relationship information
between an impurity concentration and a sheet resistance in
the plasma doping processing device in accordance with the
embodiment of the present invention;

FIG. 10 1s a graph that shows relationship information
between a sheet resistance prior to the parameter correction
for plasma doping and an integrated discharge time in the
plasma doping processing device in accordance with the
embodiment of the present invention;

FIG. 11 1s a graph that shows relationship information
between a sheet resistance and a leaking flow rate of sub-
strate-cooling helium in the plasma doping processing device
in accordance with the embodiment of the present invention;

FIG. 12 1s a graph that shows relationship information
between a sheet resistance after the parameter correction for
plasma doping and an integrated discharge time in the plasma
doping processing device in accordance with the embodiment
of the present invention;

FIG. 13 1s a graph that shows relationship information
between an amount of leaking helium gas and a plasma dop-
ing time in the plasma doping processing device 1n accor-
dance with the embodiment of the present invention;

FIG. 14 1s a schematic view that shows a structure of a
conventional plasma processing device;

FIG. 15 a view that shows a lower electrode and a helium
pipe having a closed loop structure, used for supplying
helium gas between a sample and the lower electrode 1n the
plasma processing device of FIG. 14;

FIG. 16 1s a view that shows a lower electrode and a helium
pipe having an open loop structure, used for supplying helium
gas between a sample and the lower electrode 1n the plasma
processing device of FIG. 14; and

FIG. 17 1s a view that shows a relationship between a sheet
resistance and an amount of dose of a conventionally known
sample.

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

Referring to the drawings, the following description will
discuss embodiments 1n accordance with the present mven-
tion 1n detail.

As shownin FIG. 1A, aplasma doping processing device in
accordance with a first embodiment of the present invention 1s
provided with a vacuum container 11 (one example of a
vacuum chamber) having a top plate 7 on its upper portion, a
lower electrode 3 that 1s arranged 1n the middle portion of the
vacuum container 11, with a substrate 6 serving one example
ol a sample being mounted on 1ts upper face, a high frequency
power supply 4 for applying a high frequency power to the
lower electrode 3, a gas exhausting device 1 that 1s arranged
on the bottom face of the vacuum container 11 for exhausting
the inside of the vacuum container 11, a gas supply device 10
for supplying a plasma doping gas into the vacuum container
11, an electrode 18 for electrostatic adsorption arranged
inside the lower electrode 3, and a DC power supply 19 for
applying a voltage to the electrode 18 for electrostatic adsorp-
tion so that 1t 1s designed to carry out a plasma doping process
on the sample 6.

In the gas supply device 10, a doping material gas contain-
ing a desired impurity element, for example, a B,H, gas, and
a diluting gas are respectively supplied from a doping mate-
rial gas supply device 10a and a diluting gas supply device
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105, and mixed 1n a gas supply pipe 42, and the mixed gas 1s
then supplied into the vacuum container 11 through a gas
supply inlet 9. Thus, the gas supply device 10 serves as a
device for supplving the gas that contains the impurity and 1s
diluted by rare gas or hydrogen, as the plasma doping gas, and
the concentration of the doping material gas contaiming the
impurity 1s preferably setto 5.0 mass % or less. It 1s desirable
not to use a gas having a concentration of the doping material
gas of more than 5.0 mass % since there 1s a possibility of
explosion of B,H,. Moreover, 1t 1s difficult to form a gas
having a concentration of 5.0 mass % or more. Therelore,
with respect to preparation of the gas containing the impurity
to be applicable, either of the following two cases 1s proposed:
a gas containing only B,H, 1s used as the gas containing the
impurity and the gas containing only B,H, 1s mixed with a
diluting gas and then supplied, or a gas containing the impu-
rity of 5.0 mass % or less and the diluting gas are mixed and
supplied. However, in the case where only B,H, 1s used and
mixed with the diluting gas, these tend to be easily mixed with
a concentration that 1s highly possible to cause an explosion,
resulting in a dangerous state. For this reason, a gas contain-
ing an impurity of 5.0 mass % or less 1s preferably used.

A pressure-adjusting valve 2 used for maintaining the pres-
sure 1nside the vacuum container 11 at a constant pressure 1s
installed on the bottom face of the vacuum container 11 so
that a doping gas, supplied into the vacuum container 11, 1s
allowed to pass through the vacuum container 11 and dis-
charged by the exhausting pump 1 through the pressure-
adjusting valve 2.

The quartz top plate serving as a dielectric window 7 1s
arranged on the upper face of the vacuum container 11, and a
coil 8 used for exciting plasma 1s arranged thereon. A high-
frequency power supply 5 1s connected to the coil 8 so that a
high-frequency power 1s supplied to the coil 8. An electric
field, generated by the high-frequency power supplied to the
coil 8, 1s supplied to the 1nside of the vacuum container 11
through the dielectric window 7. A doping material gas, sup-
plied into the vacuum container 11, recerves energy by this
clectric field to form a plasma state of 10ns or radicals that give
influences to the plasma doping process.

Moreover, a high-frequency power supply 4 1s connected to
the lower electrode 3 so that a desired voltage can be gener-
ated on the lower electrode 3, and the voltage generated on the
lower electrode 3 has a negative electric potential relative to
the plasma.

Furthermore, by applying a voltage by the DC power sup-
ply 19 to the electrostatic adsorption electrode 18 placed
inside the lower electrode 3 (see F1G. 2 or FIG. 3), the sample
6 1s electrostatically adsorbed onto the lower electrode 3, and
a helium gas, serving as one example of the substrate-cooling
gas, 1s supplied between the sample 6 and the lower electrode
3. As the system for supplying a helium gas between the
sample 6 and the lower electrode 3, a closed loop controlling
system shown 1n FIG. 2 and an open loop controlling system
shown 1n FIG. 3 have been known.

First, 1n the closed loop controlling system in FIG. 2, the
helium gas serving as one example of the substrate-cooling
gas 1s supplied by a helium gas supply device 20, allowed to
pass through a substrate-cooling gas supply pipe 50, and
enters a substrate-cooling gas pressure-adjusting and flow-
rate controlling unit 14 serving as one example of a flow-rate
measuring device (leakage amount measuring device)
through a valve 13. The substrate-cooling helium gas pres-
sure-adjusting and flow-rate controlling unit 14, while carry-
ing out a pressure adjustment and a flow-rate controlling
operation on the substrate-cooling helium gas, supplies the
helium gas between the sample 6 and the lower electrode 3,

10

15

20

25

30

35

40

45

50

55

60

65

12

through a valve 15 of a substrate-cooling gas supply/exhaust
pipe 52. At this time, a valve 16 arranged on the exhaust pipe
51 connected to the exhaust pump 17 1s kept in a closed state.
In contrast, when the supplied helium gas 1s discharged by the
exhaust pump 17, the valve 13 1s kept 1n a closed state, while
the valve 15 and the valve 16 are kept 1n an open state.
Here, 1n the open loop controlling system in FIG. 3, the
substrate cooling helium gas 1s supplied by the helium gas
supply device 20, allowed to pass through the substrate-cool-
ing gas supply pipe 34, and enters a substrate-cooling gas
flow-rate controlling umt 23 through a valve 28. In the sub-
strate-cooling gas flow-rate controlling unit 23, the substrate
cooling helium gas 1s allowed to pass through a valve 27 of the
substrate-cooling gas supply pipe 54, and further pass
through a valve 26 of the substrate-cooling gas supply/ex-
haust pipe 55, while being controlled in the flow rate of the
substrate cooling helium gas, and 1s supplied between the
sample 6 and the lower electrode 3. At this time, a valve 21
arranged on an exhaust pipe 56 connected to the exhaust
pump 17 1s 1n a closed state. In contrast, the supplied hellum
gas 1s allowed to pass through the exhaust pipe 57, and enters
a substrate-cooling gas pressure-adjusting and flow-rate con-
trolling unit 24. The substrate-cooling helium gas pressure-
adjusting and flow-rate controlling unit 24, while carrying out
a pressure adjustment and a flow-rate controlling operation on
the substrate-cooling helium gas to be discharged from the
exhaust pipe 57, discharges the helium gas by the exhaust
pump 17 through valves 25 and 22 of the exhaust pipe 57. At
this time, the valve 21 1s 1n an open state. Here, 1n this system,
the substrate-cooling gas flow-rate controlling umt 23, the
substrate-cooling gas pressure-adjusting and flow-rate con-
trolling unit 24, and a calculation function (calculation unit
100q of the control device 100, which will be described later)
of the control device 100 constitute one example of the tlow-
rate measuring device (leakage amount measuring device).
Here, the control device 100, which controls operations of
the plasma doping process, 1s connected to the high-fre-
quency power supply 4, the gas-exhausting device 1, the gas
supply device 10, the DC power supply 19, the high-fre-
quency power supply 5, the exhaust pump 17, and the helium
gas supply device 20 so that the control device 100 controls
the respective operations. In the closed loop control system
shown 1n FIG. 2, the control device 100 1s also connected to a
substrate-cooling helium gas pressure-adjusting and flow-
rate controlling unit 14. Whereas 1n the open loop control
system shown 1n FIG. 3, the control device 100 1s also con-
nected to the substrate-cooling gas flow-rate controlling unit
23 and the substrate-cooling helium gas pressure-adjusting
and flow-rate controlling unit 24, so that the control device
100 controls the respective operations. For example, as shown
in F1G. 1B, the control device 100 1s provided with the control
unit 100c¢ for carrying out the above-mentioned controlling
operations, the calculation unit 100a controlled by the control
unit 100¢, and a determination unit 1005 controlled by the
control unit 100¢. A storage umt 101 for storing information
and data required for operation-controls of the plasma doping
process 1s further connected to the control device 100. More-
over, when the substrate-cooling gas flow-rate controlling
unit 23 and the substrate-cooling helium gas pressure-adjust-
ing and flow-rate controlling unit 24 are connected to the
control device 100 in the open loop control system of FIG. 3,
the control device 100 has a built-in calculation function for
calculating a difference 1n flow rates of outputted tlows of the
substrate-cooling gas tlow-rate controlling unit 23 and the
substrate-cooling helium gas pressure-adjusting and flow-
rate controlling unit 24, and based upon the results of the
calculations, can control the substrate-cooling gas flow-rate
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controlling unit 23 or the substrate-cooling helium gas pres-
sure-adjusting and tlow-rate controlling unit 24. This control
device 100, which will be discussed later in detail, controls
the plasma doping gas supply device 10 so as to reduce the
supply amount of the diluting gas in accordance with the flow
rate (leakage amount) measured by the flow-rate measuring
device ({or example, 11 the leakage amount 1s much, reduces
the supply amount of the diluting gas by the corresponding,
amount thereot), or controls the high-frequency power supply
4, the gas exhausting device 1, the plasma doping gas supply
device 10, the DC power supply 19, the helium gas supply
device 20, and the like so as to prolong the plasma doping
processing time 1n accordance with the flow rate (leakage
amount) measured by the flow-rate measuring device (for
example, 11 the leakage amount 1s much, prolongs the plasma
doping processing time by the corresponding amount
thereot).

In the plasma doping processing device having the struc-
ture as described above, a plasma doping material gas, sup-
plied into the vacuum container 11 through the gas supply
inlet 9, for example, B,H,, 1s formed into a plasma state by an
clectric field generated by the coil 8 to which a high-fre-
quency power 1s applied so that boron 10ns in the plasma are
introduced onto the surface of the sample 6 by a voltage
having a negative potential relative to the plasma generated on
the lower electrode 3 by the high-frequency power supply 4.

After a metal wiring layer 1s formed on the sample 6 to
which the impunity i1s thus introduced, a thin oxide film 1s
formed on the metal wiring layer 1n a predetermined oxide
film atmosphere, and a gate electrode 1s then formed on the
sample 6 by using a CVD device or the like so that, for
example, an MOS transistor can be obtained.

In general, 1n the plasma doping processing device, the
amount of introduction of the impurity onto the surface of the
sample 6 1s controlled by the processing time of the plasma
doping and the mass concentration o the impurity. Here, even
in the case where it has been determined that there 1s no
leakage of helium gas into the vacuum container 111 under
control of the conventional control device 140 based upon the
threshold value, 1if a helium gas, the amount of which 1s the
threshold value or less, 1s leaking into the vacuum container
111, the concentration of the impurity to be introduced onto
the surface of the sample 106 1n plasma 1s lowered, with the
result that the amount of introduced impurity onto the surface
of the sample 106 per unit time 1s reduced. Therefore, 1t 1s not
possible to introduce a desired amount of the impurity onto
the sample 106 within a desired period of time, causing the
sample 106 to become a defective product, and consequently
to lower the yield. This becomes an 1ssue.

The present inventors have found this 1ssue 1s caused by the
tollowing reasons. The following description will discuss
these findings.

In comparison with plasma processing devices having the
same helium gas supply systems, for example, between an
etching processing device and a plasma doping processing
device, the following description will discuss a difference 1n
s1izes ol 1nfluences of helium-gas leakage into the vacuum
container 11.

In the etching processing device, a gas supplied into the
vacuum container 11 1s formed 1nto a plasma state so that
many plasma particles (ions and radicals) are generated. This
arrangement 1s made because silicon or a material other than
silicon 1s film-formed on a substrate by using a CVD method
or a PVD method, and because a patterning process 1s carried
out thereon so that a large amount of portions, not protected
by the pattern, needs to be removed by using an etching
process. In contrast, in the plasma doping process, the impu-
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rity has to be introduced onto the surface of the sample 106
without causing virtually any changes on the patterned shape.
For this reason, the number of particles (1ions and radicals) 1n
the plasma should be made smaller to a different order of
magnitude in comparison with that in the etching process.

Therefore, even 1n the case where, upon leakage of a small
amount of helium gas into the vacuum container 111, no
influences are given to the etching process, since the number
of particles (1ons and radicals) 1n the plasma devoting to the
plasma doping 1s very small, the amount of introduction of the
impurity to the sample 106 tends to easily fluctuate in the
plasma doping.

The following description will discuss means for resolving,
the above 1ssue.

Under control of the control unit 100¢ of the control device
100, with respect to measurements of the amount of leaking
helium gas into the vacuum container 11, the closed loop
control system 1n FIG. 2 carries out the measurements by
using the substrate-cooling gas pressure-adjusting and flow-
rate controlling unit 14, while the open loop control system in
FIG. 3 carries out the measurements by using the two unaits,
that 1s, the substrate-cooling gas flow-rate controlling unit 23
and the substrate-cooling gas pressure-adjusting and tlow-
rate controlling unit 24, and based upon the measured results,
the determination unit 1005 of the control device 100 1s
allowed to carry out a determination as to whether or not there
1s any leakage of helium gas into the vacuum container 11.
The following description will discuss this 1n detail.

First, the measurements of the amount of leaking helium
gas 1nto the vacuum container 11 1n the closed loop control
system of FIG. 2 will be described.

A helium gas 1s supplied by the helium gas supply device
20 through the supply pipe 50, and allowed to enter the
substrate-cooling gas pressure-adjusting and flow-rate con-
trolling unit 14 through the valve 13. This helium gas 1s
adjusted 1n its pressure by the substrate-cooling gas pressure-
adjusting and flow-rate controlling unit 14 to a predetermined
pressure, that 1s, to a reference pressure for a substrate-cool-
ing gas, and 1s then supplied to a space between the sample 6
and the lower electrode 3 through the pipes 50 and 52 and the
valve 15. At this time, the valve 16 1s kept 1n a closed state. In
this case, the helium gas, thus supplied, has no place to be
discharged to.

Therefore, 1n the case where no leakage of the helium gas
supplied into the space between the sample 6 and the lower
clectrode 3 occurs 1n the vacuum container 11, the helium gas
1s maintained at the reference pressure for a substrate-cooling
gas so that the supply flow rate of the helium gas, measured by
the substrate-cooling gas pressure-adjusting and flow-rate
controlling unit 14, becomes virtually 0 cm”/min.

In contrast, 1n the case where a leakage of the helium gas
occurs ifrom the space between the sample 6 and the lower
clectrode 3 1nto the vacuum container 11, since the supplied
helium gas becomes insuflicient 1n the space between the
sample 6 and the lower electrode 3, the lowering of the pres-
sure (reference pressure) of the helium gas 1s detected by the
substrate-cooling gas pressure-adjusting and flow-rate con-
trolling unit 14. In order to return the lowered pressure to the
pressure (reference pressure) prior to the lowering, a supply
of helium gas 1s required from the substrate-cooling gas pres-
sure-adjusting and tlow-rate controlling unit 14. For example,
supposing that, the helium gas having a tlow rate correspond-
ing to 2.0 cm”/min is always supplied from the substrate-
cooling gas pressure-adjusting and flow-rate controlling unit
14, 1t 1s determined that helium gas having a tlow rate of about
2.0 cm®/min is leaking into the vacuum container 11. In this
manner, the amount of leaking helium gas mto the vacuum
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container 11 (leakage amount) 1s measured. In other words, 1n
the substrate-cooling gas pressure-adjusting and flow-rate
controlling unit 14, the flow rate and the pressure of the
substrate-cooling hellum gas to be supplied to the space
between the sample 6 and the lower electrode 3 are prelimi-
narily measured, and 1n the case where a predetermined pres-
sure 1s not maintained, the flow rate that can sufficiently
maintain the predetermined pressure 1s supplied to the space
between the sample 6 and the lower electrode 3. Measuring,
the tflow rate at this time, it means measuring the amount of
leaking helium gas into the vacuum container 11.

Next, the measurements of the amount of leaking helium
gas nto the vacuum container 11 in the open loop control
system of FIG. 3 will be described.

A helium gas 1s supplied by the helium gas supply device
20 through the supply pipe 54, and allowed to enter the
substrate-cooling gas flow-rate controlling unit 23 through
the valve 28. This helium gas 1s adjusted 1n 1ts flow rate by the
substrate-cooling gas flow-rate controlling unit 23 to a pre-
determined flow rate, for example, to A cm”/min, and is then
supplied to the space between the sample 6 and the lower
clectrode 3 through the pipes 54 and 55 and the valves 27 and
26. At this time, the valve 21 1s kept 1n a closed state. The
helium gas, supplied into the space between the sample 6 and
the lower electrode 3, 1s allowed to pass through the space
between the sample 6 and the lower electrode 3, and enters the
substrate-cooling gas pressure-adjusting and flow-rate con-
trolling unit 24. The pressure of the helium gas thus supplied
1s adjusted to a predetermined pressure by the substrate-
cooling gas pressure-adjusting and flow-rate controlling unit
24. In order to adjust the pressure of the helium gas to a
predetermined pressure, an excessive portion of the helium
gas needs to be discharged to the exhaust pump 17 through the
exhaust pipe 57 and the valves 25 and 22. At this time, the
valve 21 1s kept in a closed state. In the case where no leakage
of the helium gas supplied into the space between the sample
6 and the lower electrode 3 occurs from the space between the
sample 6 and the lower electrode 3 1into the vacuum container
11, the tlow rate of the helium gas measured by the substrate-
cooling gas pressure-adjusting and tlow-rate controlling unit
24 1s set to virtually the same as the flow rate of the helium gas
supplied by the substrate-cooling gas flow-rate controlling
unit 23.

In contrast, 1n the case where a leakage of the helium gas
occurs ifrom the space between the sample 6 and the lower
clectrode 3 nto the vacuum container 11, since the supplied
helium gas becomes insuilicient, the lowering of the pressure
occurs. In order to return the lowered pressure to the pressure
prior to the lowering, the amount of the excessive portion of
the helium gas that has been discharged by the substrate-
cooling gas pressure-adjusting and flow-rate controlling unit
24 needs to be adjusted. For example, supposing that helium
gas having a flow rate corresponding to A=10.0 cm”/min is
supplied by the substrate-cooling gas flow-rate controlling
unit 23, in the case where helium gas having a flow rate
corresponding to 2.0 ¢cm’/min is leaking from the space
between the sample 6 and the lower electrode 3 into the
vacuum container 11, a flow rate corresponding to 8.0 cm”/
min 1s measured by the substrate-cooling gas pressure-adjust-
ing and flow-rate controlling unit 24. Therefore, the differ-
ence between the tlow rate of helium gas that 1s supplied by
the substrate-cooling gas tlow-rate controlling unit 23 and the
flow rate of helium gas measured by the substrate-cooling gas
pressure-adjusting and tlow-rate controlling unit 24 corre-
sponds to an amount of leaking helium gas into the vacuum
container 11. This difference 1s found by utilizing the calcu-
lation function of the control device 100 to which the tlow rate
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information from the substrate-cooling gas tlow-rate control-
ling unit 23 and the substrate-cooling gas pressure-adjusting
and flow-rate controlling unit 24 are inputted (for example,
found by calculation s in the calculation unit 100a of the
control device 100). In this manner, the measurements of the
amount of leaking helium gas into the vacuum container 11
are carried out by the substrate-cooling gas flow-rate control-
ling unit 23, the substrate-cooling gas pressure-adjusting and
flow-rate controlling unit 24, and the calculation functions

(calculation umt 100a of control device 100) of the control
device 100.

Here, with respect to the relationship between the amount
of introduction of the impurity to the sample 6 and the sheet
resistance, in the case where a large amount of 1impurities 1s
introduced onto the surface of the sample 6, the sheet resis-
tance value of the sample 6 becomes lower, while, 1n the case
where only a small amount of impunties 1s introduced
thereto, the sheet resistance value becomes higher; that 1s,
there 1s an inversely proportional relationship. Hereinaftter,
with respect to the amount of introduction of the impurity to
the sample 6, the relationship 1s described by using only the
sheet resistance.

Originally, the amount of mtroduction of the impurity to
the sample 6 1s represented by “dose amount™.

Here, the dose amount corresponds to an amount of a
desired impurity element introduced onto the sample sub-
strate by a plasma doping process. FIG. 17 1s a graph that
shows the relationship between the sheet resistance and the
dose amount of a sample that was subjected to the same
known thermal process. As shown 1 FIG. 17, when sheet
resistances having a large amount of dose amount and having
a relatively small amount of dose amount are compared with
cach other, the resulting relationship shows that a sample
having a large amount of dose amount has a smaller sheet

resistance than that of a sample having a small amount of dose
amount.

As shown 1n FIG. 17, between the sheet resistance and the
dose amount, there 1s the relationship that as the sheet resis-
tance 1increases, the dose amount reduces. Therelore, “obtain-

ing a desired sheet resistance™, in other words, corresponds to
“obtaining a desired dose amount.”

The desired dose amount can be obtained by setting a
plasma doping time relative to the amount that can be intro-
duced to the sample substrate per unit time. Therefore, sup-
posing that a desired dose amount 1s D, an amount of the
impurity element that can be introduced to the sample sub-
strate per unit time is A cm*-sec™", and a plasma doping time

1s Tsec, a relationship, D=AxT, holds.

For example, in an attempt to obtain a desired dose amount
D, (=A,xT,), when the amount A, of the impurity element
that can be introduced to the sample substrate per unit time 1s
reduced by AA to become A, (=A,-AA), the plasma doping
time T, 1s increased by AT to be setto T, (=1 ,+AT) so that a
desired dose amount D, (=A,xT,) can be obtained.

Here, the amount A of the impurity element that can be
introduced to the sample substrate per unit time 1s reduced by
reducing the doping material gas concentration in the vacuum
container; in contrast, 1t 1s increased by increasing the doping
material gas concentration.

Moreover, 1in the case where the setting of the plasma
doping time T 1s not changed, 1t becomes possible to obtain a
desired dose amount D by keeping A of the impurity element
that can be introduced into the sample substrate per unit time
at a constant value. In the case where a cooling gas 1s leaked
into the vacuum container, the amount A of the impurity
clement that can be mtroduced 1nto the sample substrate per
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unit time can be maintained at a constant value by reducing
the amount of supply of the diluting gas.

Since measuring the sheet resistance 1s easier than measur-
ing the dose amount, the present application will discuss the
present invention by using the sheet resistance.

First, prior to carrying out a plasma doping process on a
substrate to be processed, data of the relationship (relation-
ship data) between a flow rate of helium gas serving as one
example of a diluting gas or a concentration of an impurity
and a sheet resistance, and data of the relationship (relation-
ship data) between a plasma doping time and a sheet resis-
tance are preliminarily acquired, and stored 1n the storage unit
101. FIG. 5 shows a flow chart of processes for acquiring the
relationship information between different flow rates of dilut-
ing hellum gas and sheet resistances.

(Step S51-1)

After a first dummy substrate having the same size and
material as those of a substrate to be subjected to the plasma
doping process 1s transported into the vacuum container 11, a
doping material gas having a tlow rate corresponding to Fa
cm’/min and a diluting gas having a flow rate corresponding,
to Fb cm”/min are supplied from the gas supply device 10 to
the vacuum container 11, and a plasma doping process 1s then
carried out so that the impurity 1s mtroduced onto the first
dummy substrate. For example, the flow rate Fa cm”/min of
the doping material gas is set to 15 cm”/min, and, for example,

the flow rate Fb cm”/min of the diluting gas is set to 35
cm’/min.

(Step S51-2)

After, mn place of the first dummy substrate, another
dummy substrate (second dummy substrate) having the same
s1ze and material as those of a substrate to be subjected to the
plasma doping process 1s transported into the vacuum con-
tainer 11, a doping material gas having a flow rate corre-
sponding to Fa cm”/min and a diluting gas having a flow rate
corresponding to (Fb+fb,) cm’/min are supplied from the gas
supply device 10 to the vacuum container 11, and a plasma
doping process 1s then carried out so that the impurity is
introduced onto the second dummy substrate. The concentra-
tion of the plasma doping gas 1s lower than that of step S51-1.
Here, for example, fb, cm”/min of the flow rate is set to 1.0
cm’/min.

(Step S51-3)

After, 1n place of the second dummy substrate, still another
dummy substrate (third dummy substrate) having the same
s1ze and material as those of a substrate to be subjected to the
plasma doping process 1s transported into the vacuum con-
tainer 11, a doping material gas having a tflow rate corre-
sponding to Fa cm”/min and a diluting gas having a flow rate
corresponding to (Fb+fb,) cm’”/min are supplied from the gas
supply device 10 to the vacuum container 11, and a plasma
doping process 1s then carried out so that the impurity is
introduced onto the third dummy substrate. The present flow
chart shows a case where the flow rate tb, of the diluting gas
to be supplied 1s made greater than the previous tlow rate 1b,
of the diluting gas, with the concentration of the plasma
doping gas being made further lower than that of step S51-2.

Here, as described 1n steps S51-1 to S51-3, the present flow
chart acquires data of three kinds of plasma doping gas con-
centrations; however, even data of three kinds or more may be
acquired without causing any problems, and the more the
kinds of data, the better. Here, for example, fb, cm>/min of the
flow rate is set to 5 cm”/min.
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(Step S52)

Next, under control of the control unit 100¢ of the control
device 100, each of the dummy substrates 1s taken out of the
vacuum container 11 by using a known method or the like, not
shown, and the dummy substrate 1s loaded 1into an annealing,

device, not shown, so that the impurity of each of the dummy
substrates 1s electrically excited by an annealing process.

(Step S53)

Next, the sheet resistance of each of the dummy substrates
1s measured by using a four-probe method or the like, and the
information of the sheet resistance and the information relat-
ing to the flow rate of the diluting gas or the impurity-gas
concentration are stored 1n the storage unit 101. FIG. 6 shows
one example of information to be thus stored in the storage
unit 101. FIG. 6 1s a graph that shows relationship information
between the amount of an increase 1n helium gas relative to a
desired flow rate of diluting helium gas and the sheet resis-
tance. In step S51-1, the sheetresistance corresponds to R . at
the flow rate of diluting gas of Fb cm”/min, in step S51-2, the
sheet resistance corresponds to R, when the flow rate of
diluting gas is increased by fb, cm”/min relative to the flow
rate of diluting gas of Fb cm”/min, and in step S51-3, the sheet
resistance corresponds to R, when the flow rate of diluting
gas is increased by fb, cm’/min relative to the flow rate of
diluting gas of Fb cm”/min. Therefore, it is found that as the
diluting gas flow rate increases, the sheet resistance increases
(1n other words, the amount of introduction of the impurity
reduces). Here, for example, the sheet resistance R ¢, 1s set to
(R,x0.95) ohm/sq. based upon sheet resistance R, for
example, the sheet resistance R o, 1s set to (R (,x0.90) ochm/sq.
based upon sheet resistance R ., and, for example, the sheet
resistance R o, 1s set to 250 ohm/sq.

Moreover, prior to carrying out a plasma doping process on
a substrate to be processed, relationship information between
a plasma doping time and a sheet resistance 1s preliminarily
acquired, and stored 1n the storage unit 101. FIG. 7 shows a
flow chart of processes for acquiring the relationship infor-
mation between the plasma doping time and the sheet resis-
tance.

(Step S71-1)

After a fourth dummy substrate having the same size and
material as those of a substrate to be subjected to the plasma
doping process 1s transported into the vacuum container 11, a
doping material gas having a flow rate corresponding to Fa
cm’/min and a diluting gas having a flow rate corresponding
to Fb cm”/min are supplied from the gas supply device 10 to
the vacuum container 11, and a plasma doping process 1s then
carried out for a plasma doping time, c. seconds (0<q.), so that
the impurity 1s mtroduced onto the fourth dummy substrate.
For example, the plasma doping time ¢ (seconds) 1s set to 60
seconds.

(Step S71-2)

After yet another dummy substrate ({ifth dummy substrate)
having the same size and material as those of a substrate to be
subjected to the plasma doping process 1s transported 1nto the
vacuum container 11, in place of the fourth dummy substrate,
a doping material gas having a flow rate corresponding to Fa
cm’/min and a diluting gas having a flow rate corresponding
to Fb cm”/min are supplied from the gas supply device 10 to
the vacuum container 11, and a plasma doping process 1s then
carried for a plasma doping time, p seconds, so that the
impurity 1s mtroduced onto the fifth dummy substrate. The
present tlow chart shows a case where the time 5 1s longer
than the time ¢ (that 1s, O<o<f3). For example, the plasma
doping time P (seconds) 1s set to 65 seconds.
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(Step S71-3)

After yet another dummy substrate (sixth dummy sub-
strate) having the same size and maternal as those of a sub-
strate to be subjected to the plasma doping process 1s trans-
ported into the vacuum container 11, 1n place of the {fifth
dummy substrate, a doping material gas having a flow rate
corresponding to Fa cm®/min and a diluting gas having a flow
rate corresponding to Fb cm”/min are supplied from the gas
supply device 10 to the vacuum container 11, and a plasma
doping process 1s then carried for a plasma doping time, v
seconds, so that the impunty 1s introduced onto the sixth
dummy substrate. The present tlow chart shows a case where
the time v 1s further longer than the time {3 (that 1s, O<a<3<y).
For example, the plasma doping time v 1s set to 70 seconds.

Here, as described 1n steps S71-1 to S71-3, the present flow
chart acquires data of three kinds of plasma doping periods of
time; however, even data of three kinds or more may be

acquired without causing any problems, and the more the
kinds of data, the better.

(Step S72)

Next, under control of the control unit 100¢ of the control
device 100, each of the dummy substrates 1s taken out of the
vacuum container 11 by using a known method or the like, not
shown, and the dummy substrate 1s loaded 1nto an annealing
device, not shown, so that the impurity of each of the dummy
substrates 1s electrically excited by an annealing process.

(Step S73)

Next, the sheet resistance of each of the dummy substrates
1s measured by using a four-probe method or the like, and the
information of the sheet resistance and the information relat-
ing to the plasma doping time are stored in the storage unit
101. FIG. 8 shows one example of mnformation to be thus
stored 1n the storage umt 101. FIG. 8 1s a graph that shows
relationship information between a desired plasma doping
time and the sheet resistance. In step S71-1, the sheet resis-
tance corresponds to R, at the plasma doping time of o
seconds, and 1n step S51-2, the sheet resistance corresponds
to Rgp at the plasma doping time of 3 seconds, while 1n step
S51-3, the sheet resistance corresponds to R, at the plasma
doping time of v seconds. Therefore, 1t 1s found that as the
plasma doping time increases, the sheet resistance reduces (in
other words, the amount of introduction of the impurity
increases). Here, for example, the sheet resistance R g 15 set to
(R, x1.05) ohm/sq. based upon sheetresistance R, and, for
example, the sheet resistance R, 1s set to (R, x1.10) ohm/sq.
based upon sheet resistance R . For example, the sheet resis-
tance R, 1s set to 250 ohm/sq.

Next, upon completion of acquiring data of the relationship
information (relationship data) between a flow rate of diluting
helium gas or a concentration of an impurity and a sheet
resistance, and data of the relationship (relationship data)
between a plasma doping time and a sheet resistance, the data
of the relationship (relationship data) between a flow rate of
diluting helium gas or a concentration of an 1mpurity and a
sheet resistance, and data of the relationship (relationship
data) between a plasma doping time and a sheet resistance,
stored 1n the storage unit 101, are allowed to have a correla-
tion as shown 1n FIG. 13. For example, supposing that the gas
flow rate required for obtaining a desired sheet resistance 1n a
desired period of time corresponds to a doping material gas
flow rate of Fa cm”/min with a diluting gas flow rate being set
to Fb cm”/min, it is found that a period of time, required for
obtaining a desired sheet resistance 1n the case where the flow
rate of the diluting gas is increased by fb, cm”/min, corre-
sponds to a period of time obtained by increasing the plasma
doping time for introducing a desired impurity to the sample
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6 by time (p—-a) seconds. Moreover, 1t 1s also found that a
period of time, required for obtaining a desired sheet resis-
tance 1n the case where the flow rate of the diluting gas 1s
increased by fb, cm’/min, corresponds to a period of time
obtained by increasing the plasma doping time for introduc-
ing a desired impurity to the sample 6 by time (y—-a) seconds.
Therefore, 1n the case where the flow rate of the diluting gas
is increased by fb, cm”/min, thatis, for example, 1.0 cm”/min,
a period of time, required for obtaining a desired sheet resis-
tance, corresponds to (p—a) seconds, for example, +5 sec-
onds, as the plasma doping time for introducing a desired
impurity to the sample 6. In the above-mentioned example,
(p—c) seconds=(65-60) seconds=+35 seconds.

FIG. 4 shows a correction tlow chart for plasma doping
parameters that 1s used for resolving the above 1ssues.

(Step S41)
Under control of the control unit 100¢ of the control device
100, a sample 6 1s placed on the lower electrode 3.

(Step S42C or Step S420)

Next, depending on the system for supplying helium gas
between the sample 6 and the lower electrode 3, either step
S42C or step S420 1s carried out. That 1s, under control of the
control unit 100¢ of the control device 100, a voltage 1s
supplied to the electrode 18 for electrostatic adsorption
placed inside the lower electrode 3 by the DC power supply
19 so that the sample 6 1s electrostatically adsorbed onto the
lower electrode 3. Thereatfter, a substrate-cooling helium gas
1s supplied between the sample 6 and the lower electrode 3.
More specifically, 1n the case of the closed loop control sys-
tem as shown 1n FIG. 2, 1 step S42C, the substrate-cooling
helium gas 1s supplied between the sample 6 and the lower
clectrode 3 at a pressure B Pa, aifter the electrostatic adsorp-
tion. In the case of the open loop control system as shown in
FIG. 3, after the electrostatic adsorption, 1n step S420, the
substrate-cooling helium gas 1s supplied between the sample
6 and the lower electrode 3 at a flow rate A cm”/min with
pressure B Pa. For example, the pressure B Pa 1s set to 600 Pa.

(Step S43)

Under control of the control unit 100c¢ of the control device
100, a doping material gas is supplied at Fa cm”/min by the
gas supply device 10, with a diluting gas being supplied at Fb
cm’/min; thus, these gases are supplied into the vacuum con-
tainer 11 through the gas supply 1nlet 9.

(Step S44)

Next, under control of the control unit 100¢ of the control
device 100, an amount of leaking helium gas 1nto the vacuum
container 11 of the helium gas that has been supplied between
the sample 6 and the lower electrode 3 1s measured.

First, in the aforementioned closed loop controlling system
in FIG. 2, the measurement of the amount of leaking helium
gas 1nto the vacuum container 11 will be described. The
substrate-cooling helium gas 1s supplied by the helium gas
supply device 20, and allowed to enter the substrate-cooling,
gas pressure-adjusting and flow-rate controlling unit 14
through the valve 13, and the pressure of the helium gas to be
supplied between the sample 6 and the lower electrode 3 1s
adjusted to the substrate cooling gas supply pressure B Pa,
and the resulting gas 1s supplied between the sample 6 and the
lower electrode 3 through the valve 15. At this time, the valve
16 1s kept 1n a closed state. In this case, the supplied helium
gas has no place to be discharged to. Therefore, 1n the case
where no leakage of the helium gas supplied into the space
between the sample 6 and the lower electrode 3 occurs, the
supply tlow rate of the helium gas, measured by the substrate-
cooling gas pressure-adjusting and flow-rate controlling unit
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14, becomes virtually 0 cm”/min. Here, in the case where a
leakage of the helium gas occurs from the space between the
sample 6 and the lower electrode 3 1into the vacuum container
11, since the supplied helium gas becomes insuificient, the
lowering of the pressure of the helium gas from the substrate
cooling gas supply pressure B Pa 1s detected by the substrate-
cooling gas pressure-adjusting and flow-rate controlling unit
14. In order to return the lowered pressure to the substrate
cooling gas supply pressure B Pa, heltum gas 1s supplied from
the substrate-cooling gas pressure-adjusting and flow-rate
controlling unit 14 to the space between the sample 6 and the
lower electrode 3. For example, supposing that 2.0 cm”/min
of the helium gas 1s always flowing, it 1s determined that
helium gas having a flow rate of 2.0 cm’/min is leaking into
the vacuum container 11. In this manner, the amount of leak-
ing helium gas 1nto the vacuum container 11 1s measured by
the substrate-cooling gas pressure-adjusting and flow-rate
controlling unit 14.

Next, the measurements of the amount of leaking helium
gas 1nto the vacuum container 11 1n the open loop control
system ol FIG. 3 will be described. A substrate-cooling
helium gas 1s supplied by the helium gas supply device 20,
and allowed to enter the substrate-cooling gas flow-rate con-
trolling unit 23 through the valve 28. The flow rate of the
helium gas to be supplied between the sample 6 and the lower
electrode 3 1s adjusted to a substrate-cooling gas supply flow
rate A cm”/min by the substrate-cooling gas flow-rate con-
trolling unit 23, and supplied between the sample 6 and the
lower electrode 3 through the valves 27 and 26. The helium
gas, thus supplied, 1s allowed to pass between the sample 6
and the lower electrode 3, and enters the substrate-cooling gas
pressure-adjusting and flow-rate controlling unit 24. The
pressure of the helium gas thus supplied 1s adjusted to a
substrate-cooling gas supply pressure B Pa by the substrate-
cooling gas pressure-adjusting and flow-rate controlling unit
24. In order to adjust the pressure of the helium gas to the
substrate-cooling gas supply pressure B Pa, an excessive por-
tion of the helium gas 1s discharged to the exhaust pump 17
through the valves 25 and 22. At this time, the valve 21 1s kept
in a closed state. In the case where no leakage of the supplied
helium gas occurs from the space between the sample 6 and
the lower electrode 3 into the vacuum container 11, the flow
rate of the helium gas measured by the substrate-cooling gas
pressure-adjusting and flow-rate controlling unit 24 becomes
virtually the same as the substrate-cooling gas supply flow
rate A cm”/min of the helium gas supplied by the substrate-
cooling gas tlow-rate controlling unit 23. Here, 1n the case
where a leakage of the helium gas occurs from the space
between the sample 6 and the lower electrode 3 into the
vacuum container 11, the flow rate i1s reduced from the sub-
strate-cooling gas supply flow rate A cm”/min with the result
that the helium gas becomes nsuilicient, and the lowering of
the pressure from the substrate-cooling gas supply pressure B
Pa 1s detected by the substrate-cooling gas pressure-adjusting
and tflow-rate controlling unit 24. In order to adjust the pres-
sure of the helium gas to the substrate-cooling gas supply
pressure B Pa, the amount of the helium gas corresponding to
an excessive portion to be discharged by the substrate-cooling
gas pressure-adjusting and flow-rate controlling unit 24 1s
adjusted. For example, suppose that 10.0 cm’/min of the
helium gas 1s supplied from the substrate-cooling gas flow-
rate controlling unit 23. In the case where helium gas having,
a flow rate of 2.0 cm”/min is leaking from the space between
the sample 6 and the lower electrode 3 into the vacuum
container 11, a flow rate corresponding to 8.0 cm’/min is
measured by the substrate-cooling gas pressure-adjusting and
flow-rate controlling umt 24. Therefore, the difference
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between the flow rate of helium gas that 1s supplied by the
substrate-cooling gas tlow-rate controlling unit 23 and the
flow rate of helium gas measured by the substrate-cooling gas
pressure-adjusting and flow-rate controlling unit 24 corre-
sponds to an amount of leaking helium gas 1nto the vacuum
container 11. After flow rate information 1s inputted from the
substrate-cooling gas flow-rate controlling unit 23 and the
substrate-cooling gas pressure-adjusting and flow-rate con-
trolling unit 24 to the calculation unit 100q through the con-
trol unit 100¢ of the control device 100, this difference 1s
found by calculations 1n the calculation unit 100a of the
control device 100 based upon the mputted information. In
this manner, the measurements of the amount of leaking
helium gas 1nto the vacuum container 11 are carried out by the

substrate-cooling gas tlow-rate controlling umt 23, the sub-
strate-cooling gas pressure-adjusting and flow-rate control-

ling unit 24, and the calculation unit 100a of the control
device 100.

(Step S45)

In step S44, based upon the flow rate of helium gas detected
by the substrate-cooling gas pressure-adjusting and tlow-rate
controlling unit 14 or the difference in flow rates of helium
gas found by the calculation unit 100a of the control device
100 based upon the respective measurements made by the
substrate-cooling gas flow-rate controlling unit 23 and the
substrate-cooling gas pressure-adjusting and flow-rate con-
trolling unit 24, the determination unit 1005 of the control
device 100 determines whether or not there 1s any leakage of
helium gas 1nto the vacuum container 11. This determination
1s carried out by the determination unit 1005 of the control
device 100 by using an error determining threshold value Th,
that 1s one of two or more threshold values preliminarily
stored 1n the storage unmit 101. In this step, the determination
unit 1005 of the control device 100 determines whether or not
the measured flow-rate difference of helium gas 1s not higher
than the error determining threshold value Th,. In the case
where the flow rate of helium gas detected by the substrate-
cooling gas pressure-adjusting and flow-rate controlling unit
14 or the difference 1n flow rates of helium gas found by the
calculation unit 100a of the control device 100 based uponthe
respective measurements made by the substrate-cooling gas
flow-rate controlling unit 23 and the substrate-cooling gas
pressure-adjusting and flow-rate controlling unit 24 1s not
higher than the error determining threshold value Th,, the
determination unit 1006 of the control device 100 determines
that this state 1s within the error range and can be negligible.
In the case where the detected flow rate or the flow-rate
difference exceeds the error determining threshold value Th,,
the determination unit 1005 of the control device 100 deter-
mines that this state exceeds the error range and that the
substrate-cooling gas 1s leaking into the vacuum chamber 11.

Therelfore, after step S45, the succeeding processes are
divided into the following two cases, and proceed 1n a divided
manner:

(a) where the determination unit 1005 of the control device
100 has determined that the flow-rate difference of helium gas
1s not higher than the error determining threshold value Th, so
that the tflow-rate difference 1s 1n a negligible level, and that

there 1s no leakage of helium gas into the vacuum container
11, and

(b) where the determination unit 1005 of the control device
100 has determined that the flow-rate difference of helium gas
exceeds the error determining threshold value Th, so that the
flow-rate difference 1s in a non-negligible level, and that there
1s any leakage of helium gas into the vacuum container 11.




US 7,820,230 B2

23

First, in the case (a) when, 1n step S435, the determination
unit 1005 of the control device 100 has determined that there
1s no leakage of helium gas 1nto the vacuum container 11, the
sequence proceeds to step S46a under control of the control
unit 100c¢ of the control device 100.

Moreover, 1n the case (b) where, 1n step S45, the determi-
nation unit 1005 of the control device 100 has determined that
there 1s any leakage of helium gas into the vacuum container
11, the sequence proceeds to step S465 under control of the
control unit 100c¢ of the control device 100.

(Step S464a)

Under control of the control unit 100¢ of the control device
100, a plasma doping process 1s carried out in accordance
with set conditions so that a desired amount of 1mpurity 1s
introduced onto the surface of the sample 6, and the sequence
proceeds to step S48a.

(Step S48a)

Upon completion of the introduction of the desired amount
of impurity onto the sample 6 under control of the control unit
100c¢ of the control device 100, the sequence proceeds to step

S49a.

(Step S49a)

Next, under control of the control unit 100¢ of the control
device 100, the sample that has been subjected to the plasma
doping process 1s taken out from the vacuum container 11, by
using a know method or the like, not shown, and after a next
sample has been loaded into the vacuum container 11, the
sequence proceeds to step S41 so that the plasma doping
process 1s carried out.

(Step S465H)

Here, under control of the control unit 100¢ of the control
device 100, parameters of the plasma doping process are
corrected.

After step S465b, the sequence proceeds to erther one of the
tollowing two methods 1n a divided manner:

method 1: Correction of the concentration of the plasma
doping gas, and

method 2: Correction of the plasma doping period of time.

In this case, for example, either of the methods 1s prelimi-
narily selected by the operator, and the selection information
1s stored 1n the storage unit 101; thus, by referring to the
selection information stored in the storage unit 101, the con-
trol unit 100¢ of the control device 100 1s allowed to auto-
matically select either of the methods.

First, 1in the case where the method 1, that 1s, correction of
the concentration of the plasma doping gas, 1s executed, the
sequence proceeds to step S47-1 under control of the control
unit 100¢ of the control device 100.

Moreover, 1n the case where the method 2, that 1s, correc-
tion of the plasma doping period of time, 1s executed, the
sequence proceeds to step S47-2 under control of the control
unit 100¢ of the control device 100.

(Step S47-1)

Under control of the control unit 100c¢ of the control device
100, after corrections have been made so that a flow rate
(Fb-1b) cm®/min, obtained by subtracting a leakage amount
fb cm”/min into the vacuum container 11 of helium gas deter-
mined by the determination unit 10056 of the control device
100 in step S45 from the flow rate Fb cm”/min of a diluting
gas supplied from the gas supply device 10, 1s supplied by the
gas supply device 10, the sequence proceeds to step S485b. For
example, 1n the case where, with the diluting gas being sup-
plied at Fb=10.0 cm’®/min in step S43, the determination unit
1005 of the control device 100 has determined 1n step S45 that
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the substrate-cooling helium gas that 1s the same as the dilut-
ing gas is leaking at fb=2.0 cm”/min, the flow rate Fb of the
diluting gas from the gas supply device 10 is corrected to
(Fb—1b)=(10.0-2.0) cm>/min, that is, 8.0 cm’/min, so that the
supply thereot 1s corrected correspondingly under control of
the control unit 100¢ of the control device 100. Thus, the
concentration of the plasma doping gas inside the vacuum
container 11 can be kept constant.

In this manner, 1n the case where the concentration of the
plasma doping gas 1s corrected 1n accordance with the present
method 1, the correction of the plasma doping process can be
made 1n response to a leakage of the substrate-cooling helium
gas without the necessity of changing the entire processing
tact time of plasma doping.

Here, upon correcting the concentration of the plasma dop-
ing gas, the flow rate Fb of the diluting gas 1s reduced by the
amount of leakage 1b, as 1t 1s, 1n the above description; how-
ever, not limited to this, the tlow rate of the diluting gas 1s
preferably reduced within the range of 90% to 110% of the
amount of leakage. The reason for this 1s because, when the
flow rate of the diluting gas 1s reduced by a rate exceeding
110% of the amount of leakage, the impurity concentration
inside the vacuum container increases, with the result that the
amount of mtroduction of the impurity onto the substrate 6
within a desired period of time increases, resulting in a prob-
lem 1n which more impurity than the desired amount of 1ntro-
duction of the impurity to the substrate 6 1s introduced. More-
over, when the flow rate of the diluting gas 1s reduced by a rate
less than 90% of the amount of leakage, a problem arises 1n
which the concentration of impurity in the vacuum container
reduces, with the result that the amount of introduction of the
impurity within a desired period of time 1s reduced, resulting
in a problem 1n which less impurity than the desired amount
ol introduction of the impurity 1s introduced to the substrate 6.
In order to prevent these problems, the tlow rate of the diluting
gas 1s prelerably reduced within the range 01 90% to 110% of
the amount of leakage. Moreover, taking this range into
account 1s desirable also from the viewpoints of taking into
account the error permissible range of the supply tlow rate of
the gas supply device 10, or the measuring error permissible
range of the tlow-rate measuring device, or the error permis-
sible range of the control of the control unit 100¢ of the
control device 100.

(Step S47-2)

After determining the relationship information (for
example, relationship information of FIG. 13) between the
different amounts of desired diluting gas and the plasma
doping times stored in the storage unit 101 by the determina-
tion unit 1006 of the control device 100 and then correcting
the plasma doping time so as to obtain a desired sheet resis-
tance, under control of the control unit 100¢ of the control
device 100, the sequence proceeds to step S48b. In the case of
the correction of the plasma doping time in accordance with
the present method 2, the correcting process can be carried
out by slightly prolonging the processing tact time of the
plasma doping. For example, 1in the case where, with the
process being carried out 1n a plasma doping time of Y sec-
onds 1n step S43, the determination unit 1005 of the control
device 100 has determined in step S45 that the substrate-
cooling helium gas that 1s the same as the diluting gas is
leaking at 2.0 cm’/min, supposing that fb, is 2.0 cm*/min
based upon the relationship information (for example, rela-
tionship information of FIG. 13) between the amount of a
diluting gas and the plasma doping time under control of the
control unit 100c¢ of the control device 100, the period of time
required for introducing desired impurity to the substrate 6 1s
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v seconds. Moreover, the period of time, required for intro-
ducing desired impurity to the substrate 6 in the case of no
leakage of the substrate-cooling helium gas, 1s a seconds. By
correcting the plasma doping time by (y—a.) seconds, that 1s,

to ((Y+(y—a.)) seconds, 1t becomes possible to mtroduce the 5
desired impurity onto the substrate 6.

(Step S485H)

Upon completion of the mtroduction of a desired amount
of impurity onto the sample 6 by carrying out a plasma doping
process 1n accordance with set conditions except for the con-
ditions set 1n the atorementioned step S47-1 or step S47-2,
under control of the control unit 100¢ of the control device
100, the sequence proceeds to step S49b.

(Step S495H) 15

Under control of the control unit 100c¢ of the control device
100, the determination unit 10054 of the control device 100
determines whether or not the next sample 6 should be loaded
into the vacuum container 11 so as to be subjected to the
plasma doping process, based upon measurements of the 20
amount of leaking helium into the vacuum container 11 1n
step S44. This determination 1s carried out by using a pro-
cessing permissible threshold value Th, that 1s another of the
two or more threshold values preliminarily stored in the stor-
age unit 101, with the processing permissible threshold value 25
Th, serving as the reference for the determination by the
determination unit 1005 of the control device 100.

After step S495b, the succeeding processes are divided 1nto
the following two cases, and the sequences proceed in a
divided manner: 30

step S49c¢: where, although there 1s a leakage of helium gas
in the vacuum container 11, the sequence of processes 1s
allowed to proceed since the determination unit 1005 of the
control device 100 has determined that the amount of leakage
1s not more than the processing permissible threshold value 35
Th, of step S495; and

step S410b6: where, there 1s a leakage of helium gas 1n the
vacuum container 11, and the sequence of processes 1s sus-
pended since the determination unit 1005 of the control
device 100 has determined that the amount of leakage 4Y
exceeds the processing permissible threshold value Th, of

step S495b.

(Step S4105H)

Next, under control of the control umt 100c¢ of the control 44
device 100, the sample 6 that has been subjected to the plasma
doping process 1s taken out from the vacuum container 11, by
using a know method or the like, not shown, and without
loading the next sample 6 into the vacuum container 11, the
sequence proceeds to step S4115. 50

(Step S411b)

Under control of the control unit 100c¢ of the control device
100, the plasma doping process of the sample 6 1n the plasma
doping processing device 1s suspended, and the sequence
proceeds to step S4125.

(Step S412b)

The fact that the helium gas, supplied between the sample
6 and the lower electrode 3, leaks into the vacuum container
11 indicates that the sample 6 1s not electrostatically adsorbed 60
onto the lower electrode 3 correctly. This phenomenon occurs
due to particles on the lower electrode 3 in most cases. There-
fore, a particle removing operation 1s carried out on the lower
clectrode 3. The particle removing operation is carried out by
using a known operation, not shown, that can be executed 65
without the necessity of exposing the vacuum container 11 to
the atmosphere, and the sequence proceeds step S4135.
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(Step S4135H)

Under control of the control unit 100¢ of the control device
100, after a dummy substrate having the same si1ze and mate-
rial as those of a substrate 6 that 1s subjected to the plasma
doping process 1s put into the vacuum container 11 1n place of
the sample 6, the determination umt 1005 of the control
device 100 carries out a determination as to whether or not the
leakage of helium gas 1nto the vacuum container 11 has been
corrected. This determination 1s carried out by using the pro-
cessing permissible threshold value Th, that 1s another of the
above-described two or more threshold values, with the pro-
cessing permissible threshold value Th, serving as the refer-
ence for the determination by the determination unit 1005 of
the control device 100.

After step S4135, the succeeding processes are divided into
the following two cases, and proceed 1n a divided manner:

(¢) where the determination unit 1005 of the control device
100 has determined that the leakage of helium gas has been
corrected because the amount of helium leakage into the
vacuum container 11 1s not more than the processing permis-
sible threshold value Th,; and

(d) where the determination unit 1005 of the control device
100 has determined that the leakage of helium gas has not
been corrected because the amount of helium leakage into the
vacuum container 11 exceeds the processing permissible
threshold value Th,.

First, in the case where the determination unit 10056 of the
control device 100 has determined that the leakage of helium
gas 1nto the vacuum container 11 has been corrected 1n the
above-mentioned case (¢), the sequence proceeds to step
S4145.

Moreover, 1n the case where the determination unit 1005 of
the control device 100 has determined that the leakage of
helium gas into the vacuum container 11 has not been cor-
rected 1n the above-mentioned case (d), the sequence pro-

ceeds to step S415(D).

(Step S414bH)

Under control of the control unit 100¢ of the control device
100, a sample 6 15 loaded 1nto the vacuum container 11, and
the sequence proceeds to step S41 so that the plasma doping
process 1s continuously carried out.

(Step S4155H)

In the case where the leakage of helium gas into the vacuum
container 11 has not been corrected, the lower electrode 3
inside the vacuum container 11 1s subjected to maintenance,
and a known transporting system (transporting device or the
like), not shown, 1s also subjected to maintenance.

In this manner, the correction of plasma doping parameters
1s executed by using at least one of step S47-1 and step S47-2
in FIG. 4.

Here, 1n the above-mentioned embodiment, upon supply-
ing the plasma doping gas into the vacuum container 11 from
the plasma doping gas supply device 10, the total tlow rate of
the plasma doping gas containing boron and diluted by a rare
gas or hydrogen, is preferably set to 500xX ¢cm>/min or less,
supposing that the error determination threshold value of the
amount of leakage 1nto the vacuum container 11 of the sub-
strate-cooling gas to be supplied between the substrate 6 and
the lower electrode 3 is set to X cm™/min. The reason for this
1s described below.

In the case where the amount of leakage into the vacuum
container 11 of the substrate-cooling helium gas 1s such a low
rate, for example, 0.01% relative to the amount of the diluting
gas, as to hardly give any eflects, there 1s no need to apply the
embodiment of the present invention. For this reason, the total
flow rate 1s preferably set to the above-mentioned rate, 500xX
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cm’/min, or less, so as to indicate the greatest flow rate that
allows the application of the embodiment of the present
invention.

Here, the amount of leakage 1nto the vacuum container of
the substrate-cooling helium gas needs to have a rate o1 0.2%
or more 1n the minimum level, relative to the flow rate of the
diluting gas. As described 1n the present specification, by
measuring the sheet resistance of the substrate instead of
measuring the amount of the impurity introduced onto the
substrate, 1t becomes possible to confirm whether or not the
substrate-cooling helium 1s leaking into the vacuum container
to cause a reduction 1n the amount of the impurity introduced
onto the substrate. However, there 1s a measuring limit to the
measuring device of the sheet resistance. The rate 01 0.2% or
more 1s required for confirming the difference 1n the impurity
concentration by measuring the sheet resistance. Conse-
quently, the flow rate of the diluting gas required for setting
the above-mentioned flow rate to 0.2% or more needs to be set
equal to or lower than 500 times as high as the flow rate of the
substrate-cooling helium gas. Moreover, since the minimum
amount of leakage of the substrate-cooling helium gas,
required for determining that there 1s a helium gas leakage,
corresponds to the error determining threshold value Th, , the
amount of the diluting gas needs to be set to (500xTh, ) or less.
Theretore, as described above, supposing that the error deter-
mination threshold value is set to X cm’/min, the total flow
rate of the plasma doping gas 1s preferably set to 500xX
cm’/min or less.

The following description will discuss working examples
to which the present mnvention 1s applied.

Working Example 1

By using the plasma doping processing device shown in
FIG. 1A, the concentration of a plasma doping gas that 1s one
ol parameters ol plasma doping was corrected.

In FIG. 1A, the lower electrode 3 on which a sample 6 made
of a silicon substrate 1s placed 1s arranged 1nside the vacuum
container 11. By using the gas supply device 10a placed in the
gas supply device 10, an He-based B,H, gas (hereinafter,
referred to as B,H/He gas) contaiming a desired impurity
clement 1s supplied into the vacuum container 11 as one
example of a doping matenal gas, while an He gas 1s supplied
by using the gas supply device 106 as one example of a
diluting gas, and these gases are supplied into the vacuum
container 11 as a plasma doping gas through the gas supply
inlet 9 via the gas supply pipe 42. The pressure-adjusting
valve 2, used for maintaining the pressure iside the vacuum
container 11 at a constant pressure 1s installed, and the sup-
plied gas 1s allowed to pass through the vacuum container 11,
and discharged by the exhaust pump 1 through the pressure-
adjusting valve 2. The quartz top plate serving as the dielec-
tric window 7 1s arranged on the upper surface of the vacuum
container 11, and the plasma exciting coil 8 are arranged
thereon. The high-frequency power supply S with 13.56 MHz
1s connected to the coil 8 so that the high frequency power can
be supplied to the coil 8. An electric field, generated by the
high frequency power of 13.56 MHz supplied to the coil 8, 1s
supplied into the vacuum container 11 through the dielectric
window 7. The doping material gas B,H./He and the diluting
He gas, supplied into the vacuum container 11, receive energy
from the electric field to be formed into a plasma state, such as
ions or radicals, that gives influences to a plasma doping
process. The high-frequency power supply 4 with 13.56 MHz
1s connected to the lower electrode 3 so that a desired voltage
can be generated 1n the lower electrode 3, and a voltage
generated by the lower electrode 3 has a negative electric
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potential to the plasma. By using the voltage having the
negative electric potential, boron 1ons 1n the plasma are 1ntro-
duced 1nto the surface of a sample 6. Moreover, by supplying
a voltage to the electrostatic adsorption electrode 18 installed
inside the lower electrode 3 by using the DC power supply 19,
the sample 6 1s electrostatically adsorbed onto the lower
clectrode 3, and between the sample 6 and the lower electrode
3, the substrate-cooling He gas 1s supplied in the closed loop
control system 1n FIG. 2.

FIG. 9 shows relationship information between an impu-
rity concentration and a sheet resistance 1in the case where an
impurity gas concentration A 1s higher than an impurity gas
concentration B, supposing that the impurity gas concentra-
tion 1s represented by A with the sheet resistance value 1n this
case being set to Rs (A), while the impurity gas concentration
1s represented by B with the sheet resistance value 1n this case
being set to Rs (B).

FIG. 10 shows groups of many sheet resistance values, Rs
(A) I and Rs (A) II in the case of no leakage into the vacuum
chamber 11 of He gas supplied between the sample 6 and the
lower electrode 3, and a group of many sheet resistance val-
ues, Rs (B) in the case of a leakage 1nto the vacuum chamber
11 of He gas supplied between the sample 6 and the lower
clectrode 3. FIG. 11 shows the relationship between a flow
rate of helium gas and groups of many sheet resistance values,
Rs (A)I,Rs (A)IlI, and Rs (B). Here, the parameter correcting
step (concentration correcting step for plasma doping gas)
S47-1 for plasma doping, shown 1n FIG. 4, 1s carried out on
the group Rs (B) of many sheet resistance values 1n the case of
a leakage into the vacuum chamber 11 of He gas. As shown in
FIG. 11, under control of the control unit 100¢ of the control
device 100, the determination unit 1005 of the control device
100 determines that the helium gas 1s leaking 1nto the vacuum
container 11 at a flow rate of 1.1 cm”/min so that a plasma
doping process 1s carried out, with the tlow rate of He 1n the
diluting gas to be supplied from the gas supply device 10 to
the vacuum container 11 being reduced by the flow rate o1 1.1
cm>/min, under control of the control unit 100¢ of the control
device 100. This sample 6 1s taken out of the vacuum con-
tainer 11, by using a conventionally known method or the
like, not shown, under control of the control unit 100¢ of the
control device 100, and the sample 6 1s loaded 1nto an anneal-
ing device, not shown, so that the impurity of the sample 6 1s
clectrically excited by the annealing process, and its sheet
resistance 1s measured by using a four-probe method or the
like. In FIG. 12, the group Rs (B) of many sheet resistance
values indicate the values of sheet resistance values of the
samples 6, each having been plasma-doped with a correction
of plasma doping gas concentration that 1s one of parameters
of plasma doping, as shown 1n step S47-1 1n FIG. 4, being
carried out thereon.

Here, even 1n the case where each of gases BF,,, AsH,, PH,,
and B, H_ 1s supplied into the vacuum container 11 as the
doping material gas in place of B,H,, 1t 1s possible to obtain
the same results.

Working Example 2

By using the plasma doping processing device shown 1n
FIG. 1A, the plasma doping time that 1s one of parameters of
plasma doping was corrected.

InFIG. 1A, the lower electrode 3 on which a sample 6 made
of a silicon substrate 1s placed 1s arranged 1nside the vacuum
container 11. By using the gas supply device 10a placed inthe
gas supply device 10, a B,H./He gas containing a desired
impurity element 1s supplied into the vacuum container 11 as
one example of a doping material gas, while an He gas 1s
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supplied by using the gas supply device 1056 as one example
of adiluting gas, and these gases are supplied into the vacuum
container 11 as a plasma doping gas through the gas supply
inlet 9 via the gas supply pipe 42. The pressure-adjusting
valve 2, used for maintaining the pressure inside the vacuum
container 11 at a constant pressure, 1s installed, and the sup-
plied gas 1s allowed to pass through the vacuum container 11,
and discharged by the exhaust pump 1 through the pressure-
adjusting valve 2. The quartz top plate serving as the dielec-
tric window 7 1s arranged on the upper surface of the vacuum
container 11, and the plasma generating coil 8 are arranged
thereon. The high-frequency power supply S with 13.56 MHz
1s connected to the coil 8 so that the high frequency power can
be supplied to the coil 8. An electric field, generated by the
high frequency power of 13.56 MHz supplied to the coil 8, 1s
supplied into the vacuum container 11 through the dielectric
window 7. The doping material gas and the diluting He gas,
supplied into the vacuum container 11, recerve energy from
the electric field to be formed 1nto a plasma state, such as 1ons
or radicals, that gives influences to a plasma doping process.
The high-frequency power supply 4 with 13.56 MHz is con-
nected to the lower electrode 3 so that a desired voltage can be
generated in the lower electrode 3, and a voltage generated by
the lower electrode 3 has a negative electric potential to the
plasma. By using the voltage having the negative electric
potential, boron 1ons in the plasma are introduced into the
surface of a sample 6. Moreover, by supplying a voltage to the
clectrostatic adsorption electrode 18 installed inside the
lower electrode 3 by using the DC power supply 19, the
sample 6 1s electrostatically adsorbed onto the lower elec-
trode 3, and between the sample 6 and the lower electrode 3,
the substrate-cooling He gas 1s supplied 1n the closed loop
control system 1n FIG. 2.

FI1G. 10 shows groups of many sheet resistance values, Rs
(A) I and Rs (A) II in the case of no leakage into the vacuum
chamber 11 of He gas supplied between the sample 6 and the
lower electrode 3, and a group of many sheet resistance val-
ues, Rs (B) 1n the case of a leakage into the vacuum chamber
11 of He gas supplied between the sample 6 and the lower
clectrode 3. FIG. 11 shows the relationship between a flow
rate of helium gas and groups ol many sheet resistance values,
Rs (A)I,Rs (A)Il, and Rs (B). Here, the parameter correcting
step S47-2 for plasma doping, shown in FIG. 4, 1s carried out
on the group Rs (B) of many sheet resistance values 1n the
case of a leakage 1nto the vacuum chamber 11 of He gas. As
shown in FIG. 11, under control of the control unit 100¢ of the
control device 100, the determination unit 1005 of the control
device 100 determines that the helium gas 1s leaking into the
vacuum container 11 at a flow rate of 1.1 cm®/min, and under
control of the control unit 100¢ of the control device 100, the
plasma doping time 1s corrected so that the plasma doping
time 1s increased by +7 seconds, and a plasma doping process
1s carried out. This sample 6 1s taken out of the vacuum
container 11, by using a conventionally known method or the
like, not shown, under control of the control unit 100¢ of the
control device 100, and the sample 6 1s loaded 1nto an anneal-
ing device, not shown, so that the impurity of the sample 6 1s
clectrically excited by the annealing process, and 1ts sheet
resistance 1s measured by using a four-probe method or the
like. In FIG. 12, the group Rs (B) of many sheet resistance
values indicate the values of sheet resistance values of the
samples 6, each having been plasma-doped with a correction
of plasma doping time that 1s one of parameters of plasma
doping of plasma doping parameter steps S47-2 in FIG. 4
(correcting step of the plasma doping period of time).
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Here, even in the case where each of gases BEF,, AsH,, PH,,
and B H  1s supplied into the vacuum container 11 as the
doping material gas 1n place of B,H,, it 1s possible to obtain
the same results.

By properly combining the arbitrary embodiments of the
alorementioned various embodiments, the effects possessed
by the embodiments can be produced.

INDUSTRIAL APPLICABILITY

In accordance with the plasma doping processing device
and method of the present invention, even 1n the case where,
upon introducing an impurity into a sample such as a substrate
by a plasma doping method, a substrate-cooling helium gas
leaks out 1nto a vacuum container, 1t becomes possible to
correct fluctuations 1n a sheet resistance value due to the
leakage of the substrate-cooling helium gas into the vacuum
container; therefore, the present mvention 1s useful for a
plasma doping processing device and method by which, in
particular, an impurity 1s introduced onto a surface of a sub-
strate serving as a solid-state sample for a semiconductor
substrate and the like 1n semiconductor manufacturing device
and manufacturing method.

Although the present invention has been fully described 1n
connection with the preferred embodiments thereof with ret-
erence to the accompanying drawings, 1t 1s to be noted that
various changes and modifications are apparent to those
skilled 1n the art. Such changes and modifications are to be
understood as included within the scope of the present inven-
tion as defined by the appended claims unless they depart
therefrom.

The invention claimed 1s:

1. A plasma doping processing device comprising:

a vacuum container having a top plate on an upper portion

thereof;

a lower electrode that 1s arranged 1n the vacuum container,
with a substrate serving as a sample being mounted
thereon;

a high frequency power supply for applying a high fre-
quency power to the lower electrode;

a gas exhausting device for exhausting inside of the
vacuum container; and

a plasma doping gas supply device for supplying a plasma
doping gas that contains a doping material gas contain-
ing an impurity and a diluting gas 1nto the vacuum con-
tainer,

the plasma doping processing device comprising:

a flow-rate measuring device for measuring a flow rate of a
substrate-cooling gas supplied between the substrate
and the lower electrode so as to measure an amount of
leakage of the substrate-cooling gas into the vacuum
container;

a storage unit for storing relationship information between
a plasma doping time and an amount of introduction of
the impurity onto the substrate, and selection informa-
tion correction of which parameter of plasma doping
among a concentration of the plasma doping gas and the
plasma doping time 1s carried out, and

a control device comprising a control unit for carrying out
operation control of the plasma doping, and a determin-
ing unit for determining whether or not the substrate-
cooling gas 1s leaked into the vacuum container based
upon the amount of leakage controlled by the control
unit and measured by the flow-rate measuring device,

wherein the control unit of the control device automatically
selects either one parameter of the plasma doping among,
the concentration of the plasma doping gas and the
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plasma doping time while referring to the selection
information stored in the storage unit, 1n a case where the
determining umt determines that the substrate-cooling
gas 1s leaked mto the vacuum container, and
when correction of the plasma doping time 1s selected, a
period of the plasma doping processing time 1s deter-
mined based on the relationship information between
the plasma doping time and the amount of the mtroduc-
tion of the impurity onto the substrate stored in the
storage unit, the control umt of the control device con-
trols operation of the high frequency power supply, the
gas exhausting device, and the plasma doping gas supply
device so as to prolong the plasma doping time up to the
time thus determined, and
when correction of the concentration of the plasma doping
gas 1s selected, the control unit of the control device
controls operation of the plasma doping gas supply
device so as to reduce the amount of supply of the
diluting gas that 1s equivalent to the amount of leakage
measured by the flow-rate measuring device, thus con-
trolling operation of the plasma doping gas supply
device so as to reduce the amount of supply of the
diluting gas in accordance with the amount of leakage
measured by the tlow-rate measuring device.
2. The plasma doping processing device according to claim
1, wherein the control unit of the control device controls
operation of the plasma doping gas supply device so as to
reduce the amount of supply of the diluting gas within a flow
rate ranging from 110% to 90% of the amount of leakage
measured by the tlow-rate measuring device, so that operation
of the plasma doping gas supply device 1s controlled so as to
reduce the amount of supply of the diluting gas 1n accordance
with the amount of leakage measured by the flow-rate mea-
suring device.
3. The plasma doping processing device according to claim
1, wherein 1n a case where 1t 1s determined by the determining
unit that the amount of leakage measured by the flow-rate
measuring device 1s not more than an error determining
threshold value, the control unit of the control device carries
out a plasma doping process without carrying out the correc-
tion of the parameter of the plasma doping, while 1n a case
where 1t 1s determined by the determining unit that the amount
of leakage measured by the flow-rate measuring device 1s
more than the error determining threshold value, the control
unit of the control device carries out a plasma doping process
alter the correction of the parameter of the plasma doping 1s
carried out.
4. The plasma doping processing device according to claim
1, wherein 1n a case where 1t 1s determined by the determining
unit that the amount of leakage measured by the flow-rate
measuring device 1s not more than a processing permissible
threshold value, the control unit of the control device carries
out a plasma doping process after the correction of the param-
cter of the plasma doping 1s carried out, while 1n a case where
it 1s determined by the determining unit that the amount of
leakage measured by the flow-rate measuring device 1s more
than the processing permissible threshold value, the control
unit of the control device stops a plasma doping process.
5. The plasma doping processing device according to claim
1, wherein the substrate-cooling gas 1s a helium gas.
6. The plasma doping processing device according to claim
1, wherein the plasma doping gas supply device 1s a device for
supplying a gas containing B,H, as the doping material gas.
7. The plasma doping processing device according to claim
1, wherein the plasma doping gas supply device 1s a device for
supplying a gas that contains boron and 1s diluted by rare gas
or hydrogen, as the plasma doping gas.
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8. The plasma doping processing device according to claim
1, wherein the plasma doping gas supply device 1s a device for
supplying a gas that contains boron and 1s diluted by helium
or hydrogen, as the plasma doping gas.
9. The plasma doping processing device according to claim
1, wherein the plasma doping gas supply device 1s a device for
supplying a gas that contains the impurity and 1s diluted by
rare gas or hydrogen, as the plasma doping gas, with the
doping material gas containing the impurity having a concen-
tration of 5.0 mass % or less.
10. A plasma doping processing method comprising:
placing a substrate on a lower electrode that 1s arranged 1n
a vacuum container having a top plate on an upper por-
tion thereof;
applying a high frequency power from a high frequency
power supply to the lower electrode, with the vacuum
container being exhausted by a gas exhausting device,
while supplying a plasma doping gas that contains a
doping material gas containing an impurity and a dilut-
ing gas into the vacuum container from a plasma doping
gas supply device;
supplying a substrate-cooling gas between the substrate
and the lower electrode:;
measuring a flow rate of the substrate-cooling gas so as to
measure an amount of leakage of the substrate-cooling
gas 1nto the vacuum container by using a flow-rate mea-
suring device;
determiming by a determining unit of the control device
whether or not the substrate-cooling gas 1s leaked nto
the vacuum container based upon the amount of leakage
controlled by the control umit and measured by the tlow-
rate measuring device;
in a case where 1t 1s determined by the determining unit that
the substrate-cooling gas 1s leaked 1nto the vacuum con-
tainer, automatically selecting, by the control unit, either
one parameter of the plasma doping among the concen-
tration of the plasma doping gas and the plasma doping
time while referring to the selection information, that 1s
stored 1n the storage unit, correction of which parameter
of plasma doping among a concentration of the plasma
doping gas and the plasma doping time 1s carried out, 1n
a case where the determining unit determines that the
substrate-cooling gas 1s leaked into the vacuum con-
tainer,
when correction of the plasma doping time 1s selected by
the control unit, determining, by the control unit, a
period of the plasma doping processing time based on
relationship information, that i1s stored in the storage
unit, between the plasma doping time and the amount of
the itroduction of the impurity onto the substrate, and
then controlling, by the control unit, operation of the
high frequency power supply, the gas exhausting device,
and the plasma doping gas supply device so as to prolong
the plasma doping time up to the time thus determined,
and when correction of the concentration of the plasma
doping gas 1s selected by the control unit, controlling, by
the control unit, operation of the plasma doping gas
supply device so as to reduce the amount of supply of the
diluting gas that 1s equivalent to the amount of leakage
measured by the flow-rate measuring device, and thus
controlling, by the control umt, operation of the plasma
doping gas supply device so as to reduce the amount of
supply of the diluting gas 1n accordance with the amount
of leakage measured by the flow-rate measuring device;
and
thereafter carrying out the plasma doping onto the sub-
strate.
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11. The plasma doping processing method according to
claim 10, wherein when selecting correction of the concen-
tration of the plasma doping gas by the control unit and
controlling operation of the plasma doping gas supply device
by using the control unit of the control device, the control unit
of the control device controls operation of the plasma doping
gas supply device so that, based upon relationship informa-
tion between a flow rate of the diluting gas to be supplied into
the vacuum container or a mass concentration of the impurity
gas and a sheet resistance value of a dummy substrate that has
a same size and 1s made ol a same material as those of the
substrate, a supply amount of the diluting gas 1s reduced 1n
accordance with the amount of leakage measured by the
flow-rate measuring device.

12. The plasma doping processing method according to
claim 10, comprising;:

when selecting correction of the concentration of the

plasma doping gas by the control unit and prior to con-
trolling operation of the plasma doping gas supply
device by the control unit of the control device,

carrying out the impurity plasma doping process on a

dummy substrate that has a same size and 1s made of a
same material as those of the substrate 1n place of the
substrate so that the impurity i1s introduced onto the
dummy substrate;

next electrically activating the impurity of the dummy sub-

strate by using an annealing process;

next measuring a sheet resistance value of the dummy

substrate, and storing results of measurements in the
storage unit, and further altering the flow rate of the
diluting gas, without altering the flow rate of the impu-
rity gas to be supplied into the vacuum container, so that
the impunity 1s mtroduced onto the other dummy sub-
strate that has the same size and 1s made of the same
material as those of the substrate;

next electrically activating the impurity of the other

dummy substrate by using an annealing process;

next measuring a sheet resistance value of the other dummy

substrate, and storing results of measurements in the
storage unit, and storing relationship nformation
between a flow rate of the diluting gas to be supplied into
the vacuum container or a mass concentration of the
impurity gas and a sheet resistance value 1n the storage
unit; and

thereatter, upon controlling operation of the plasma doping

gas supply device by using the control unit of the control
device, controlling operation of the plasma doping gas
supply device by the control unit of the control device so
that, based upon the relationship information between
the tflow rate of the diluting gas to be supplied into the
vacuum container or the mass concentration of the impu-
rity gas and the sheet resistance value of the dummy
substrate that has the same size and 1s made of the same
material as those of the substrate, a supply amount of the
diluting gas 1s reduced 1n accordance with the amount of
leakage measured by the flow-rate measuring device.

13. The plasma doping processing method according to
claim 10, comprising;:

when selecting correction of the concentration of the

plasma doping gas by the control unit and prior to con-
trolling operation of the plasma doping gas supply
device by the control unit of the control device,

carrying out the impurity plasma doping process on a

dummy substrate that has a same size and 1s made of a
same material as those of the substrate 1n place of the
substrate so that the impurity i1s introduced onto the
dummy substrate;
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next electrically activating the impurity of the dummy sub-
strate by using an annealing process;

next measuring a sheet resistance value of the dummy
substrate, and storing results of measurements in the
storage unit, and further altering the plasma doping time,
so that the impurity 1s introduced onto the other dummy
substrate that has the same size and 1s made of the same
material as those of the substrate;

next electrically activating the impurity of the other
dummy substrate by using an annealing process;

next measuring a sheet resistance value of the other dummy
substrate, and storing results of measurements in the
storage unit, and storing relationship information
between a plasma doping time and a sheet resistance
value 1n the storage unit; and

thereafter, upon controlling operation of the plasma doping
gas supply device by using the control unit of the control
device, controlling operation of the high-frequency
power supply, the gas exhausting device, and the plasma
doping gas supply device by the control unit of the
control device so as to prolong the plasma doping pro-
cessing time 1n accordance with the amount of leakage
measured by the flow-rate measuring device.

14. The plasma doping processing method according to
claim 10, wherein, upon controlling operation of the high-
frequency power supply, the gas exhausting device, and the
plasma doping gas supply device by using the control unit of
the control device, in a case where 1t 1s determined by the
determining unit of the control device that there 1s no leakage
of the substrate-cooling gas into the vacuum container based
upon the amount of leakage measured by the tlow-rate mea-
suring device, the plasma doping process 1s carried out with-
out carrying out the correction of the parameter of the plasma
doping by the control unit of the control device, while 1n a
case where i1t 1s determined by the determining unit of the
control device that there 1s any leakage of the substrate-
cooling gas 1nto the vacuum container based upon the amount
of leakage measured by the flow-rate measuring device and
correction of the plasma doping time 1s selected by the control
unit, the control unit of the control device controls operation
of the high-frequency power supply, the gas exhausting
device, and the plasma doping gas supply device so as to
prolong the plasma doping time to correspond to a plasma
doping time found as results of comparisons between the
relationship information stored in the storage unit and the
amount of leakage measured by the flow-rate measuring
device, under control of the control device.

15. The plasma doping processing method according to
claim 10, wherein, upon controlling operation of the plasma
doping gas supply device by using the control unit of the
control device, 1n a case where 1t 1s determined by the deter-
mining unit of the control device that there 1s no leakage of the
substrate-cooling gas into the vacuum container based upon
the amount of leakage measured by the flow-rate measuring
device, the plasma doping process 1s carried out without
carrying out the correction of the parameter of the plasma
doping by the control unit of the control device, while 1n a
case where 1t 1s determined by the determining unit of the
control device that there 1s any leakage of the substrate-
cooling gas into the vacuum container based upon the amount
of leakage measured by the flow-rate measuring device, the
control unit of the control device controls operation of the
plasma doping gas supply device so that under control of the
control device, the flow rate of the substrate-cooling gas 1s
reduced from the flow rate of the diluting gas, with the
reduced amount being supplied into the vacuum container.
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16. The plasma doping processing method according to
claim 10, wherein the substrate-cooling gas 1s a helium gas.

17. The plasma doping processing method according to
claim 10, wherein upon, supplying the plasma doping gas
from the plasma-doping gas supply device, a gas that contains
the impurity and 1s diluted by rare gas or hydrogen is supplied
as the plasma doping gas, with the doping material gas con-
taining the impurity having a concentration of 5.0 mass % or
less.

18. The plasma doping processing method according to
claiam 10, wherein upon supplying the plasma doping gas
from the plasma doping gas supply device, a gas that contains
boron and 1s diluted by rare gas or hydrogen 1s supplied as the
plasma doping gas.

19. The plasma doping processing method according to
claim 18, wherein upon supplying the plasma doping gas
from the plasma doping gas supply device, phosphorus 1s
used 1n place of boron 1n the plasma doping gas.

20. The plasma doping processing method according to
claim 18, wherein upon supplying the plasma doping gas
from the plasma doping gas supply device, arsenic 1s used 1n
place of boron 1n the plasma doping gas.
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21. The plasma doping processing method according to
claim 10, wherein upon supplying the plasma doping gas
from the plasma doping gas supply device, a gas that contains
B,.H, 1s supplied as the doping material gas.

22. The plasma doping processing method according to
claim 10, wherein the substrate-cooling gas 1s a helium gas.

23. The plasma doping processing method according to
claiam 10, wherein upon supplying the plasma doping gas
from the plasma doping gas supply device into the vacuum
container, the plasma doping gas that contains boron and 1s
diluted by rare gas or hydrogen has a total flow rate that 1s set
to 500xX c¢cm”/min or less, supposing that an error determi-
nation threshold value of an amount of leakage into the
vacuum container of the substrate-cooling gas to be supplied
between the substrate and the lower electrode 1s set to X
cm’/min.

24. The plasma doping processing method according to
claiam 10, wherein upon supplying the plasma doping gas
from the plasma doping gas supply device, the diluting gas for

20 the plasma doping gas 1s a helium gas.
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